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ADDRESS 

AT  THE  OPENING  OF  THE  SESSION  1874-76. 

NoTiMBXB  6th,  1874. 

BY   THE    PRESIDENT, 

HENRY  WOODWMID,  ESQ.,  F.R.S.,  F.G.S.,  &c, 


It  is  with  no  small  degree  of  pleasure  that,  at  the  commence- 
ment of  a  new  session,  I  am  again  permitted  the  honour  to  address 
you  from  this  chair.  For,  though  months  and  years  are  periods 
of  which,  as  geologists,  we  can  take  but  little  heed,  we  are 
forcibly  reminded  by  passing  eyents  that  we  are  bot  ephemera ; 
and  eyen  when  regarded,  not  as  indiyiduals,  but  as  a  race,  belong- 
ing merely  to  the  yery  latest  epoch  of  time. 

Neyertbeless,  the  more  ciyilised  of  mankind,  especially  geolo- 
gists, are  by  no  means  satisfied  with  the  Epicurean  doctrine,  **  Let 
us  eat  and  drink,  for  to-morrow  we  die."  Man's  intellect,  once 
aroused  and  awakened  from  the  torpid  state  of  mere  animal 
existence,  seeks  to  rise  aboye  the  barriers  by  which  he  i^  hemmed 
in,  and  with  straining  gaze,  looks  backwards  into  the  misty  regions 
of  tbe  far-off'  past,  or,  though  dazzled  by  the  glare,  would  eyen 
striye  to  penetrate  the  yeil-  and  gaze  along  the  yista  of  futurity. 

Be  it  ours  to  achieye  the  possible,  and  labouring  diligently,  and 
with  patience,  as  heretofore,  to  unrayel  the  past  by  the  light  of 
the  present,  go  forwards  hopefully  into  the  future  with  firm  and 
unwayering  steps. 

'  B 


2  THE   PRBBIDBNT^S   ADDRESS. 

Standing  as  "  look-out "  in  the  "  fore  top  "  of  our  bark,  it  is 
my  duty  to  inform  you,  from  time  to  time,  what  points  of  interest 
come  in  view,  as  we  voyage  in  association  onwards.  Nay,  I  may 
even  venture,  perhaps,  to  warn  you  against  pursuing  certain 
courses  which  seem  inviting,  but  are  really  too  shallow  for  us  to 
adopt ;  or,  I  may  cry  out,  and  not  without  reason,  "  Icebergs 
ahead !" — ^for  if  ever  there  was  a  period  in  the  geological  sea  when 
ice  was  more  rampant  than  at  any  other,  it  is  certainly  at  the 
present  time.  One  might  verily  believe  that  *'  the  Great  Ice 
Age  "  (about  which  Mr.  James  Geikie  has  written  so  eloquently) 
had  commenced  again  in  good  earnest. 

I  would  not  have  you  suppose,  from  these  remarks,  that  I  am 
unwilling  to  admit  the  Ice  King  to  be  a  most  powerful  geological 
agenti  No  one  can  doubt  his  might,  or  that  he  has  left  his  mark 
on  mountain,  hill,  and  valley.  But  after  all  he  is  only  a  demi-god, 
to  whom,  with  other  meteoric  agents,  has  been  relegated  the  task 
of  rounding  and  wearing  down  the  features  of  our  earth ;  but  the 
main  lines  of  those  features  were  there  before  the  Ice -King 
came. 

To  borrow  from  heathen  mythology  :-=— 

When  Vulcan,  by  the  labours  of  the  Cyclops,  had  lifted  Earth 
above  the  reacL^  of  Neptune'fr  chariot,  Phoebus  beheld  the  newly- 
risen  lands,  and  scorched  them  with  his  burning  gaze,  llien, 
pitying  her  fate,  Jupiter  Pluvins  descended  in  mist  and  showers, 
farrowing  Earth's  surface  and  hiding  her  form  beneath  an  ever- 
green mantle,  which,  though  rudely  torn  by  Boreas,  still  encircles 
her. 

Many  of  the  views  originally  put  forward  by  Ramsay,  Jukes, 
Geikie,  and  others,  on  Denudation  as  well  as  Glaeiation,  have  been 
strenuously  opposed  for  years,  but  after  passing  through  the  fire 
of  criticism,  they  have,  in  a  more  or  less  modified  form,  been  ad- 
mittlBd  as  Articles  of  Geological  Faith. 

But  the  days  of  our  geological  warfare  are  not  yet  ended ! 

Even  so  recently  as  the  present  year,  the  sounds  of  broadsword 
and  claymore  have  been  plainly  audible,  and  Highlander  and  Low- 
lander  have  measured  weapons  and  laid  on  with  a  will  in  the  geo- 
logical cause  ;  the  Highlander  in  this  case  being  the  more 
polished  swordsman,  whilst  the  Lowlander's  strokes  have  much 
more  resembled  those  of  the  redoubted  Roderick  Dhu ; — ^not  that 
we  would  predict  such  a  reversal  of  the  issue  of  the  fight  in  this 
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*  case,  bat  would  only  deprecate  sncb  a  rongb  style 
of  backing  at  a  noble  foe,  and  especially  one 
wbom  Professor  Geikie  says  be  is  anxious  to 
secure  as  an  ally  for  tbe  "  Younger  Scbool  of 
Geologists."* 

Mr.  Eonaban's  recent  papers  in  tbe  '^  Geolo- 
gical Magazine "  and  elsewbere,  togetber  witb 
liis  larger  Book  on  *<  Faults  and  Fissures  and 
tbeir  relation  to  tbe  origin  of  our  Valleys  and 
Lakes  "  [now  in  tbe  press],  will  doubtless  bave 
a  wbolesome  tendency  on  geological  tbougbt, 
and  prevent  tbe  student  from  rusbing  wildly 
into  extreme  views  as  to  tbe  causes  in  operation 
affecting  tbe  pbysical  features  of  our  eartb.  He 
will  be  led  to  reflect  tbat  tbe  same  subterranean 
forces  by  wbose  aid  tbe  land  was  originally  lifted 
above  tbe  sea  bave  also  influenced  tbe  direction 
of  tbose  lines  of  weak  resistance  along  wbicb 
tbe  denuding  forces  bave  subsequently  operated, 
alibougb  by  attrition  and  denudation  some  of 
tbe  original  lines  may  have  been  rubbed  out. 

In  reviewing  tbe  tbeories  recently  put  for- 
ward to  explain  tbe  Glacial  Epocb,  I  would 
desire  to  pay  a  tribute  of  well-deserved  re- 
spect to  Mr.  James  Croll,  wbo  bas  devoted  so 
many  years  to  tbe  task  of  solving  these  pro- 
blems by  the  aid  of  rigorous  and  exact  mathe- 
matical calculations. 

It  would  be  beyond  the  scope  of  this  Ad- 
dress to  give  a  full  account  of  Mr.  Croll's 
labours,  but  bis  most  recent  paper  "  On 
tbe  Submergence  and  Emergence  of  Land 
during  tbe  Glacial  Epoch"*  deserves  some 
notice  here. 

Starting  witb  tbe  proposition  that  a  sheet 
of  ice  upon  a  level  surface  will  be  to  all 
intents   and   purposes  in  a  state   of  rest,  and 

*  See  Profetaor  Geikie's  Address  to  the  Edinburgh 
Qeologicftl  Sodety,  6th  Norember,  1873,  published  1874 ; 
beiDg  a  replj  to  the  Doke  of  Argyll's  papers  and  Address, 
Qnart.  Joom.  Qeol.  Soc    Lond.  1868,  and  subsequently. 
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that  therefore,  for  a  mass  of  continental  ice  to  be  set  in  motion, 
there  must  be  a  piling  up  of  ice  in  the  interior ;  or,  in  other  words, 
.  the  ice-sheet  must  thicken  from  the  edge  inwards  :  and  following 
Hopkins,  Mr.  Groll  proceeds  to  point  out  that  ice  barely  moyes  on 
a  slope  of  one  degree. 

Assuming,  therefore,  for  the  Soath  Polar  Continent  a  diameter 
of  2,800  miles— that  is  to  say,  from  the  Pole  to  70®  S.  latitude — 
or  1,400  miles  from  the  centre  to  the  circumference ;  a  slope  of 
one  degree  would  giye  24  miles  as  the  thickness  of  the  ice  at  the 
South  Pole.  (See  woodcut^  Fig.  1.)  But,  for  the  sake  of  argu- 
ment, Mr.  Crull  reduces  his  estimate  of  the  Ice-cap  to  a  slope  of 
a  quarter  of  a  degree,  or  six  miles  in  thickness  at  the  South  Pole, 
with  a  mean  thickness  of  two  miles. 

"  Is  there,"  Mr.  Croll  asks,  "  any  well-grounded  reason  for  con- 
cluding the  aboye  to  be  an  oyer-estimate  of  the  thickness  of  the 
Antarctic  ice  7" 

[In  order  to  put  this  still  more  clearly  before  my  readers,  I  sub- 
join a  diagram  of  the  earth  upon  which  a  dark  line  at  the  South 
Pole  represents,  to  true  scale,  an  ice  cap  80  miles  in  thickness  I 

(See  Fig.  2.)] 

Fio.  2. 


Iok-Cap. 
80  Miles  in  Thichnssi, 

Fio  2.— Diagrrmm  to  illustrate  the  relatiye  proportion  of  the  Soath  Polar  loe* 
eao  to  the  maM  of  the  entire  grlobe.  The  Ice^»p  is  here  repreeented  aa  nearly 
131  iimee  as  thick  aa  Mr.  Croll  haa  estimated  it  to  be.  It  would  require  an 
•normpuilT  large  diagram  to  ahow,  in  an  appreciable  manner,  an  Ioo-omb  onlj  six 
milei  in  thioknesa. 
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From  the  explorations  of  Dr.  Bink,  Dr.  Hajes,  and  Profesflor 
Nordenskiold  in  Greenland,  we  know  that  the  ice  is  actually  from 
2,000  to 3,000 feet  in  thickness, and  that  "the  inland  ice  continued 
constantly  to  rise  towards  the  interior.*'  Dr.  Hayes  informs  ns, 
that  he  and  his  party  attained  to  an  altitade  of  5,000  feet  at  70 
miles  from  the  coast,  and  found  themselves  "  in  the  midst  of  a 
Tast  frozen  Sahara  immeasurable  to  the  eye."  Assuming 
for  the  interior  a  gradual  continuity  of  the  same  slope 
as  that  recorded  by  these  separate  observers,  this  would  give  a 
height  of  15,000  feet  above  the  sea-level  at  the  centre  of  dis- 
persion of  the  ice  in  Greenland.  Taking  the  land  at  5,000  (a 
height  which  CroU,  however,  thinks  improbable),  this  would  still 
give  us  10,000  feet  for  the  thickness  of  the  central  ice. 

If,  then,  the  Continental  ice  in  Greenland  attains  this  thickness 
— and  its  thickness  depends  on  the  relative  diameter  of  its  area«- 
(1  fortiori^  the  ice  on  the  Antarctic  land  must  be  thicker,  for  the 
South  Polar  Continent  is  at  least  a  dozen  times  greater  in  extent 
than  Greenland,  and  its  area  for  evaporation  far  larger. 

We  have  evidence  of  this  in  the  superior  magnitude  of  the 
Antarctic  icebergs.  To  a  number  of  bergs,  recorded  by  ships  as 
having  been  seen  and  measured,  Mr.  Croll  applies  the  well-known 
principle  as  to  the  density  of  ice  compared  with  sea-water,  and 
that  every  foot  of  ice  above  water  represents  8*7  feet  below  water. 
These  bergs  were  therefore  from  3,880  to  9,312  feet  thick,  or 
upwards  of  a  mile  and  three-  quarters  !  In  an  extreme  period  this 
ice- sheet  would,  Mr.  Croll  assumes,  be  much  thicker. 

Applying  the  ice-sheet  theory  to  North  America,  Professor 
Dana  estimates  the  ice  in  the  Glacial  Epoch  to  have  covered  New 
England  to  a  depth  of  6,500  feet,  or  considerably  over  a  mile ; 
whilst  for  the  Canadian  watershed  he  assumes  a  thickness  of  not 
less  than  12,000  feet,  or  upwards  of  two  miles  and  a  quarter. 

Mr.  Croll  thinks  it  is  not  necessary  to  assume  a  largely  in- 
creased quantity  of  ice  on  the  globe  for  the  Glacial  Epoch  above 
that  which  exists  at  the  present  time.  But  as  Mr.  CrolFs  theory 
of  glacial  Epochs  is  based  on  the  assumption  of  an  extreme  of 
temperature  at  one  or  other  Pole,  it  is,  he  concludes,  only  necessary 
to  transfer  two  miles  of  ice  oflf  the  Antarctic  regions  and  place  it 
on  the  northern  hemisphere,  in  addition  to  that  which  now  exists 
there,  when  we  should  in  all  probability  be  as  effectually  anni- 
hilated as  if  we  had  been  actually  in  the  Glacial  Epoch  *,  "  at 
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leut,  before  it  reached  its  mszimnm  of  eeverity."  The  bare 
idea  of  snch  a  Btate  of  things  b  quite  "  enough  to  make 
one's  hlood  nm  cohl,*'  and  we  inetinctivul;  stir  up  the  firo 
and  pnt  seme  more  coals  on,  regardless  of  the  preseut  price  of 
'WalUend.' 

The  main  feature  in  Ur.  Croll's  latest  theory  is,  that  hj  the 
melting  of  the  Antarctic  ice  and  the  increment  of  that  at  the 
North  Pole,  we  should  hare  a  displacement  of  the  earth's  centre 
of  graritj,  and  a  corresponding  rise  in  the  sea-level  in  our 
northern  hemisphere.  (Bee  the  subjoined  Diagrams,  Figs.  3  and 
i,  copied  from  Mr.  Croll's  paper.) 

FiQ.  3.  Fto.  ^ 


Ujan  iucreiM  in  deuitj  tomrdi  tbe  oentra. 

I.  The  loe-etp.  C.  Th«  oeatra  of  gniTitr. 

C'.  Hw  diapUoad  oantra  of  gntrity. 
["  In  Elgore  3,  when  thsrs  u  no  Ise-sap,  the  centre  of  gnrity  of  the  eart!i 
ooinddM  with  the  oentn  of  the  ooneenfario  laytr*  of  the  flnid  interior."  "  In 
KgDie  4,  when  Hum  ii  ui  IiM-oap  pUoed  on  one  pole,  tba  oiumDtrii!  Imjar  F', 
iMing  denMr  than  l&jer  F,  ii  attraolad  towudi  tbe  o*p  more  toraiblj  than  F, 
and  ooweqaently  linb  to  ■  oertein  depth  into  F."  "  Again  F*,  being  dennr 
tban  P,  it  alio  link*  to  a  certain  extent  into  F'.  And  again  F',  the  mut  at  the 
entn,  bong  denaar  than  F*,  it  alao  linki  into  E^.  All  thii  being  ODmbined  with 
tb*  eSeda  of  the  Ice-cap,  and  tbe  diaplaoed  ocean  ontiida  tbe  >hfll!>  tbe  eantie  of 
flSTity  of  the  entire  globe  «iU  no  longer  be  at  C,  bat  at  0',  a  eonaiderable 
tttaoM  nearer  to  tbe  aide  of  tbe  ibell  on  wbioh  tba  sap  nati  than  C,  and  alio 
a  oODiridenble  iliitanoe  nearer  than  it  wonbt  hare  been  had  the  interior  of  the 
^obt  been  wlid."— Jamea  Croll,  op.  oiL,  p.  352,] 
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Mr.  Croll  thus  places  his  argument  before  as : — '^  The  Antarctic 
ice-cap  is  equal  in  area  to  1-23*46  of  that  covered  by  the  ocean 
The  density  of  ice  to  that  of  water  being  taken  at  *92  to  1,  it 
follows  that  25  feet  6  inches  of  ice  melted  off  the  cap  would  raise 
the  general  level  of  the  ocean  one  foot,  and  that  one  mile  melted 
off  would  raise  the  level  200  feet.  To  this  200  feet  rise  resulting 
from  the  melted  ice  we  must  add  the  rise  resulting  from  the 
displacement  of  the  earth's  centre  of  gravity.  The  removal  of  the 
two  miles  of  ice  from  the  Antarctic  Continent  would  displace  the 
centre  of  gravity  190  feet,  and  the  formation  of  a  mass  of  ice, 
equal  to  one-half  of  this,  on  the  Arctic  regions,  would  carry  the 
centre  of  gravity  95  feet  further ;  giving  in  all  a  total  displace- 
ment of  285  feet,  thus  producing  a  rise  of  sea-level  at  the  North 
Pole  of  285  feet,  and  in  the  latitude  of  Edinburgh  of  234  feet. 
Add  to  this  the  rise  of  200  feet  resulting  from  the  melted  ice,  and 
we  have  then  485  feet  of  submergence  at  the  Pole,  and  484  feet  in 
the  latitade  of  Edinburgh. 

^  A  rise  to  a  similar  extent  might  probably  take  place  after  the 
period  of  maximum  glaciation,  when  the  ice  would  be  melting  on 
the  northern  hemisphere  more  rapidly  ^an  it  would  be  forming  on 
tlie  sont^em. 

**  Assuming  the  Ice-cap  to  be  six  miles  in  thickness,  the  extent 
of  submergence  would  be-  proportionably  increased,  and  we  might 
have  a  rise  of  the  sea  in  the  latitude  of  Edinburgh  of  800  or 
1,000  feet.  It  is  clear,  then,  that  the  quantity  of  ice  on  the  An- 
tarctic Pole  is  perfectly  sufficient  to  account  for  the  submergence 
of  the  Glacial  Epoch,  for  the  general  submergence  did  not  much 
exceed  400  or  500  feet. 

"In  certain  places  there  is  evidence  of  from  1,000  to  2,000  feet 
submergence,  but  these  may  b^quite  local,  resulting  from  subsi- 
dence of  the  land  in  those  particular  areas,  elevations  and  de- 
pressions of  land  having  taken  place  in  all  ages,  and  no  doubt 
during  the  Glacial  Epoch  also. 

«« If,  Aen,'*  says  Mr.  Croll,  "  we  admit  that  an  increase  in  the 
eccentricity  of  the  earth's  orbit  was  the  cause  of  the  Glacial  Epoch, 
then  we  must  admit  that  all  those  results  followed  as  necessary 
consequences.  For  if  the  Glacial  Epoch  lasted  for  upwards  of  one 
hundred  thousand  years  or  so,  there  would  be  a  succession  of  cold 
and  warm  periods,  and  consequently  a  succession  of  elevation  and 
depressions  of  sea-level.      And  the   elevations  of  the  sea-level 
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would  take  place  dnring  the  cold  periods,   and  the  depressions 
daring  the  warm  periods." 

Mr.  CroU  farther  points  oat  that  assuming  the  nucleus  of  the 
earth  to  be  fluid,  surrounded  by  a  thick  and  rigid  crust,  a 
farther  displacement  of  the  centre  of  gravity  would  take  place  by 
the  re-arrangement  of  the  heavier  and  denser  materials  in  the  earth's 
fluid  interior ;  the  heavier  materials  being  attracted  by  the  Ice- 
cap more  forcibly  than  the  lighter,  consequently  they  will  approach 
towards  the  cap  to  a  certain  extent,  thus  further  tending  to  shift 
the  earth's  centre  of  gravity  in  the  direction  of  the  Ice-cap.  (See 
supra.  Fig.  4.) 

Mr.  CroU  concludes  that  '*  if  we  knew  the  extent  of  the  general 
submergence  during  the  Glacial  Period,  and  the  present  amount  of 
ice  on  the  southern  hemisphere,  we  could  determine  whether  or 
not  the  earth  is  fluid  in  the  interior."  [^GeoL  Mag.  1874,  Decade 
II.,  Vol.  L,  p.  363.] 

In  a  recent  paper  communicated  to  the  '^  Philosophical  Maga- 
zine "  for  September,  1874,  p.  218,  Mr.  Tylor  writes — "  Some 
geological  difficulties  might  be  explained  by  periodic  changes  of 
position  of  part  of  the  interior  of  the  earth." 

*'  Also  the  quantity  of  water  in  the  ocean  can  only  be  the 
difference  between  that  of  the  vapour  held  in  the  atmosphere  or 
condensed  into  snow  or  ice  on  the  land,  and  the  quantity  of  water, 
or  vapour  of  water,  mechanically  or  chemically  combined  with  the 
strata  of  the  earth.  These  are  quantities  capable  of  enormou* 
variation  in  geological  periods  under  different  conditions." 

Mr.  Tylor  believes  that  the  theory  he  advanced  in  1853,  as  to 
the  inconstancy  of  rainfall  and  the  fluctuations  of  the  level  of  the 
sea  in  past  geological  periods,  is  gaining  ground. 

But  perhaps  the  most  elaborate  essay  on  this  subject  is  that  by 
Mr.  Thomas  Belt,  F.O.S.,  entitled  *'  An  examination  of  the 
Theories  that  have  been  proposed  to  account  for  the  climate  of 
the  Glacial  Period,"  which  appeared  in  the  *'  Quarterly  Joanal 
of  Science  "  for  October  last.  The  outline  of  these  views  was 
given  by  him  in  a  most  interesting  book,  entitled  "The 
Naturalist  in  Nicaragua,"  published  in  the  early  part  of  the  pre- 
sent year. 

After  reading  Mr.  Belt's  views,  as  propounded  by  him  in  bk 
^*  Naturalist  in  Nicaragua,"  in  March  last,  I  wrote  as  follows  :* 

•  See  CM.  lUg.  April,  1874^  Deoade  IL,  YoL  L,  p.  18a 
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*^  The  present  day  is  one  of  snrprises  and  startling  propositions, 
and  it  cannot  be  denied  that  in  the  progress  of  scientific  research 
and  discovery,  many  of  onr  pre-conceived  and  long-cherished 
notions  haye  been  swept  clean  oyerboard.  It  may  be  that  the 
ideas  propounded  by  the  author  shall  hereafter  become  a  part  of 
the  geological  principles  of  a  future  day ;  but  will  the  astronomer 
and  mathematician  allow  as  feasible,  under  any  circumstances,  the 
notion  of  an  ice- cap  8,000  feet  or  more  in  thickness  simultaneously 
at  each  Pole,  and  extending  thence  nearly  to  the  Equator  oyer 
either  hemisphere  7" 

We  haye  now  Mr.  Belt's  more  complete  statement  before  us  in 
the  article  already  quoted,  and  on  the  fuller  eyidence  which  he  has 
adduced,  I  admit  that  his  theory  deserves  our  careful  study  ;  and 
with  that  conviction  I  propose  to  submit  it  this  eveoing,  in  as  con- 
densed a  form  as  practicable,  for  your  favourable  consideration. 

In  order  to  present  his  own  speculations  in  a  clearer  light,  the 
author  first  discusses  those  of  Sir  Charles  Lyell  and  Mr.  OroU. 

He  refers  to  Lyell's  theory  that  changes  of  climate  in  past 
epochs  were  due  to  a  change  in  the  relative  distribution  of  the  con- 
tinents and  oceans,  and  points  out  that  Sir  Charles  himself  no 
longer  relies  on  this  cause  alone,  but  upon  a  combination  of  astro- 
nomical causes,  with  certain  geographical  changes. 

In  considering  Mr.  CrolFs  theory  of  an  increase  in  the 
ellipticity  of  the  earth*s  orbit,  we  must  not  omit  to  remember  the 
vastness  of  time  it  occupies.  The  last  period  was  about  200,000 
years  ago,  and  when  at  its  greatest  eccentricity,  in  aphelion,  the 
earth  was  98,500,000  miles  distant  from  the  sun,  or  8,500,000 
miles  further  off  than  at  the  present  time. 

The  eccentricity  of  the  earth's  orbit,  combined  with  the  obliquity 
of  its  ecliptic,  would  give  us  the  sun  7^  days  longer  in  the  northern 
hemisphere  than  in  the  southern  ;  the  latter  would  therefore  have 
7\  days  less  simmier,  and  a  corresponding  extension  of  its  winter 
period.  In  consequence  of  this  (according  to  Mr.  Croll),  that  hemi- 
sphere, in  winter  solstice,  when  the  earth  was  in  aphelion,  would 
lose  more  heat  by  radiation  into  space  during  the  long  Polar  night 
than  it  would  gain  in  the  short  hot  summer  from  the  sun  when  in 
perihelion,  and  it  would  therefore  be  growing  colder. 

But,  Mr.  Belt  replies,  radiation  goes  on  by  day  as  well  as  by 
night,  the  warmth  of  the  day  depending  on  the  excess  of  heat  re- 
coved  over  and  above  that  which  is  radiated,  not  that  there  is  no 
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radiation.  Taking  thb  into  account,  we  shall  find  that  no  more 
heat  is  lost  in  one  hemisphere  than  in  the  other.  Nor  does 
ellipticity  afifect  the  absolute  amount  of  heat  received  from  the 
sun.  Therefore,  if  the  absolute  amount  of  heat  received,  and 
the  absolute  loss  by  radiation,  be  equal  in  the  two  hemispheres, 
then  their  mean  temperatures,  due  to  these  causes  alone,  must  be 
the  same,  whatever  the  amount  of  the  ellipticity  of  the  earth's 
orbit  may  be. 

Mr.  Oroll  affirms  that  the  lengthened  winter  in  aphelion  would 
enable  more  ice  and  snow  to  accumulate  than  the  short  but  hot 
summer  in  periheUon  could  melt 

But,  Mr.  .Belt  replies,  wintjsr  does  not  begin  on  the  day  on 
which  the  sun  passes  the  autumnal  equinox,  though  what  is  called 
the  '*  winter  solstice  "  does.  The  nights  are  longer  than  the  days, 
but  snow  does  not  fall,  nor  water  freeze,  nor  winter  actually  set  in, 
until  many  weeks  after  the  22nd  September.  Moreover,  some 
excess  of  heat  is  stored  up  in  the  Sorter  but  hotter  summer  in 
the  earthy  the  sea,  and  the  atmosphere,  which  is  not  entirely 
given  up  till  long  after  the  winter  solstice  has  begun.  Nor 
would  all  the  heat  so  gained  be  expended  in  melting  the  ice 
accumulated  in  winter ;  for  a  pound  of  water,  in  passing  from  a 
liquid  to  a  solid  state,  evolves  just  as  much  heat  as  is  required  to 
melt  it  again.  So  that  the  heat  given  off  in  winter  by  water  in 
freezing  is  equivalent  to  that  absorbed  in  spring  when  it  melts 
again.     Thus  the  mean  temperature  remains  unaffected. 

Clouds  are  not  inimical  to  climate,  for  they  arrest  radiation  by 
night,  as  well  as  intercept  the  sun's  rays  by  day. 

Mr.  Belt  points  out  a  cause  (not  touched  upon  by  Mr.  Croll) 
why  the  summer's  heat  cannot  overcome  the  cold  of  winter  in  high 
latitudes,  where  snow  covers  the  ground.  It  is  because  so  much 
of  the  sun's  heat  is  reflected  back  again  from  the  white  surface. 
But  for  this  circumstance,  snow  would  nowhere  be  perennial,  but 
everywhere  the  heat  of  summer  would  dissolve  the  snows  of 
winter. 

Only  at  the  Poles  is  there  really  six  months'  winter  and  six 
months'  summer;  beyond  this,  the  ice-accumulating  period 
gradually  decreases  and  reaches  zero  long  before  we  arrive  at  the 
Tropics. 

Mr.  Croll  imagines  that  when  the  obliquity  of  the  ecliptic  was 
at  its  maximum  {24?  50^  34^^),  the  temperature  at  the  Poles  would 
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increase  some  15°,  and  that  when  the  obliquity  was  at  its  minimma 
there  woald  be  a  decrease  of  temperature.  But  the  reverse  of  this 
seems  really  to  be  the  fact ;  for  if  the  obliquity  be  increased  the 
Arctic  Circle  will  be  enlarged,  and  a  greater  area  of  the  earth's  sur- 
face brought  within  the  influence  of  the  long  Arctic  night.  A 
diminished  obliquity,  on  the  contrary,  would  lessen  the  dif- 
ference in  the  Temperate  Zone  between  day  and  night,  and  so 
tend  to  moderate  the  extremes  of  heat  and  cold  in  summer  and 
winter. 

Thus,  by  way  of  illustration,  if  the  obliquity  of  the  earth  were 
diminished  to  zero,  and  the  axis  of  rotation  perpendicular  to  the 
plane  of  its  orbit,  the  seasons  would  disappear,  and  perpetual 
spring  would  reign  in  the  Arctic  regions.  All  over  the  globe 
there  would  be  12  hours  day  and  12  hours  night,  and  no  amount 
of  ellipticity  of  the  earth's  orbit  could  have  any  effect  in  length- 
ening the  nights  or  days.      (See  woodcut  Fig,  12,  p.  30.) 

An  essential  part  of  Mr.  Croll's  theory  is,  that  during  the 
greatest  eccentricity  of  the  earth's  orbit,  periods  of  great  warmth 
would  alternate  with  periods  of  extreme  cold.  That  whilst  one 
hemisphere  was  undergoing  the  extreme  rigour  of  a  glacial  period, 
the  other  would  rejoice  in  perpetual  summer. 

These  extremes  of  climate  would  oscillate  slowly  from  pole  to 
pole  at  intervals  of  10,500  years ;  the  ice  that  had  been  piled  up 
at  one  pole  would  melt  and  be  piled  up  at  the  other. 

According  to  Mr.  Croll's  calculations,  during  4;he  last  great 
period  of  ellipticity  (which  occupied  160,000  years),  each  hemi- 
sphere must  have  alternately  passed  through  several  glacial  f^riods 
and  several  warm  periods.  If  this  were  so,  we  ought  to  fina.<$bai- 
firmation  of  these  alternations  in  the  successive  Faunas  and  Floras  ' 
of  the  Tertiary  rocks.  Instead  of  this,  however,  we  find  a  gradual 
and  continual  decrease  of  temperature  in  Europe  from  the  earliest 
Tertiary  times.  As  we  ascend  in  the  series,  the  shells  of  successive 
groups  of  strata  consist  less  and  less  of  southern  forms,  whilst 
the  northern  species  are  always  augmenting,  until  in  the  upper- 
most beds  the  fauna  is  very  Arctic  in  character,  even  in  the 
52nd  and  54th  degrees  of  N.  latitude. 

The  floras,  from  the  Eocene  upwards,  attest  the  same  gradation, 
from  the  palms  and  tropical  fruits  of  the  London  Clay  to  the  sub- 
tropical ProteacecBf  fig-trees,  cinnamon,  etc.,  of  the  Bournemouth 
beds  and  of  Switzerland  ;  followed  by  poplar,  hornbeam,  oak, 
elm,  and  other  trees  now  characteristic  of  temperate  latitudes. 
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The  Miocene  qf  (Eningen  contains  many  exotic  genera,  but  the 
facias  of  the  flora  indicates  a  climate  which  was  gradually  be- 
coming unsuitable  for  sub -tropical  plants. 

In  the  Lower  Pliocene  of  Italy,  most  of  the  sub-tropical  genera 
have  disappeared ;  and  in  the  Newer  Pliocene  deposits  the  trees 
and  shrubs  are  such  as  characterise  European  forests,  and  suggest 
that  the  climate  was  such  as  is  at  present  enjoyed  in  Europe. 
Whilst  the  Newer  Pliocene  beds  in  England,  and  the  Cromer 
Forest  Bed,  represent  a  somewhat  lower  temperature  than  the 
south  of  Europe,  and  agreeing  with  the  existing  climate  of  Britain 
—the  lignite  beds  of  Bure  and  Westleton  contain  Salix  polart\ 
now  only  known  within  the  Arctic  Circle,  and  Hypnum  turgescena, 
an  Arctic  moss.  These  last-mentioned  beds  are  succeeded  by  the 
Till  and  Boulder  Clay  of  the  Glacial  period. 

The  evidence  afforded  by  the  remains  of  the  higher  land  or 
marine  animals,  from  the  Eocene  upwards,  yields  a  precisely 
similar  succession  of  types,  from  tropical  forms  in  the  Eocene  to 
sub-tropical  in  the  Miocene,  more  temperate  forms  in  the  Pliocene 
to  Arctic  Mammalia  which  usher  in  the  Glacial  Epoch. 

All  the  evidence  points  t6  a  gradual  cooling  of  the  climate,  and 
none  can  be  adduced  in  favour  of  a  succession  of  warm  and  cold 
periods. 

The  local  interglaciation  of  ice- transported  materials  in  Miocene 
deposits  in  Piedmont,  and  of  seams  of  lignite  resting  on  Boulder- 
clay  at  DUrntcn,  in  the  Canton  Zurich,  capped  by  beds  of  gravel 
with  erratic  blocks,  only  proves — says  Mr.  Belt — that  in  the 
former  case,  as  now,  local  glaciers  existed  ;  and  in  the  latter  that 
peat-mosses  accumnlat^ed  in  low  swampy  places.  None  of  the 
plant- remains  indicate  a  warmer  climate.  Cones  of  Scotch  and 
spruce  fir,  leaves  of  oak,  ash,  and  yew,  all  evidence  trees  which 
range  far  north  of  Switzerland. 

The  advance  and  retreat  of  the  ice  of  local  glacier-systems  is  a 
matter  of  fact  within  the  compass  of  historic  records,  as  those  of 
the  Swiss  Alps  abundantly  testify. 

No  evidence  in  favour  of  a  mild  interglacial  period  can  be  ad- 
duced from  the  shells  found  in  the  so-called  interglacial  beds  in 
Wales,  Macclesfield,  or  South  Lancashire ;  on  the  contrary,  Mr. 
Geikie  admits  that  '*  upon  the  whole,  the  fossils  indicate  colder 
conditions  than  now  obtain  in  the  Irish  Sea.*'  Nor  do  the  deposits 
along  our  eastern  coasts,  or  those  of  Ireland  or  Scandinavia,  afford 
evidence  of  milder  conditions. 
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The  Sicilian  Tertiaries  bare  been  more  fayonrablj  preserred 
than  elsewbere,  and  tbey  attest  the  fact  that  the  northern  forms  of 
MoUasca  appear  only  in  the  latest  deposits^  and  are  in  no  instance 
accompanied,  followed,  or  immediately  preceded  by  Tropical 
forms.  To  obtain  these,  we  must  go  back  to  the  Miocene  and 
Eocene  periods. 

Haying  endeayonred  to  show  that  neither  by  a  change  in  the 
relatiye  position  of  land  and  sea,  nor  yet  by  the  eccentricity  of  the 
earth's  orbit,  can  one  in  a  satisfactory  manner  account  for  the 
Glacial  Epoch,  Mr.  Belt  proceeds,  to  propound  his  theory  of  a 
change  in  the  Obliquity  of  the  Ekiliptic. 

80  long  ago  as  1688,  Dr.  Robert  Hooke  endeay cured  to  explain 
the  eyidences  of  Tropical  climates  haying  formerly  preyailed  in 
Europe,  and  indulged  in  speculations  as  to  a  change  in  ihe  axis 
of  the  earth's  rotation,  or  a  shifting  of  the  earth's  centre  of  grayity, 
or  a  change  in  the  obliquity  of  the  ecliptic. 

The  last  theory  was  a  fayourite  one  among  the  early  English 
geologists,  but  receiyed  little  fayour  from  astronomers.  Newton 
opposed  it,  and  declared  that  Astronomy  could  not  countenance 
the  theory  that  there  had  been  any  change  in  the  direction  of  the 
earth's  axis. 

Laplace  inyestigated  the  problem  of  the  effect  of  the  attraction 
of  the  snn,  moon,  and  planets  on  the  earth^s  equatorial  protm- 
berance,  and  came  to  the  conclusion  that  this  could  only  cause  a 
variation  in  the  obliquity  of  the  ecliptic  of  1°  21'.* 

More  recently,  Leverrier  examined  the  same  question,  and  ar- 
rived at  the  resnlt  that  it  might  yary  4^  52 ',  but  not  more. 

The  difference  between  the  conclusions  of  Laplace  and  Leyerrier 
is  a  wide  one,  but  assuming  these  great  geometricians  could  not 
baye  erred,  there  may  yet  haye  been  other  elements  of  disturbance 
to  be  taken  into  account  besides  those  which  they  knew  and  in- 
yestigated. 

Thus,  for  instance,  they  assumed  the  thickening  of  matter 
around  the  Equator  to  be  a  constant  quantity ;  whereas  there  is 
abundant  eyidences  of  great  upheayal  and  depression  in  remote 
ages  which  may  haye  altered  the  question  most  materially. 

The  gradual  piling  up  of  ice  at  the  Poles  in  the  Glacial 
period  must  haye  in  some  measure  diminished  the  difference  be- 
tween the  Polar  and   Equatorial   diameters.     Eyen  now,  many 

*  Henohera  ABtronomy,  art.  640. 
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phystcUts  believe  tb«t  a  gradual  elevation  of  land  at  the  Poles, 
and  a  dnpreseion  of  land  at  the  Tropica  ie  taking  place. 

The  Equatorial  bulge  is  not  a  regular  one,  but  is  ia  the  form  of 
an  ellipae,  of  which  the  greater  diameter  is  two  milee  longer  than 
the  lesser.  This  has  not  been  taken  into  accouut  at  present,  there- 
fore the  problem  cannot  be  said  to  be  definitely  decided. 

The  great  preponderance  of  land  in  one  hemisphere,  not  ar- 
ranged around  the  earth,  bnt  in  a  mass  whose  centre  is  sitnated 
near  the  English  Channel,  must  also  be  a  disturbing  element  of 
no  mean  importance, 

Mr.  Belt  points  out  that  our  knowledge  of  other  planets  teaches 
ns  tbat  there  ia  no  limit  to  the  obliquity  of  their  axes. 

In  Jupiter  the  axis  in  nearly  perpendicular  to  its  orbit,  so  that 
there  ie  no  change  in  the  length  of  the  day  there  on  any  part  of 
ita  surface. 

In  Sathbn  the  obliquity  is  29" 

In  Mabb         „         „  30}°  • 


Tia.  e.-Dugrun  to  iUoitnte  the  Tariktkoa  in  tbe  obliqutr  of  the  aiea  o( 
rotation  of  oartain  plnueti  to  tfaa  plus  at  tbnt  ortnto. 

And  in  Vends  it  reaches  the  extreme  of  7$',  eo  that  its  tropics 
orerlap  its  arotac  circle,  and  there  are  no  temperate  zones. 


*  Mr.  I>iiiikin,  in  Lardnei'i  "  Handbook  ol , 

StC3T.     "Theexiut  direotion  of  thaaziiU,  bowarer,  itill  inbieat  U 
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The  inclination  of  the  polar  axis  to  the  plane  of  our  earth's 
orhit— thatis,  to  the  Ecliptic — is  2^°,  hut  it  is  known  that  this  is 
diminishing  at  the  rate  of  48'^  in  a  century. 

As  no  original  cause  for  the  inclination  of  the  axes  of  the 
planets  has  been  assigned,  it  may  be  allowable  to  suppose  that 
changes  in  the  obliquity  of  our  earth^s  ecliptic  may  occur  through 
the  same  series  of  causes  as  have  originated  it  in  our  own  and 
other  planetary  bodies. 

The  Rey.  Professor  Haughton,  F.B.S.,  of  Dublin,  a  most 
able  mathematician  and  geologist,  writing  in  McClintock's 
"  Voyage  of  the  Fox,''  m  1859  (p.  395),  observes  :  "  The 
only  speculation  I  am  acquainted  with,  which  is  capable  of 
solring  this  opprobrium  geologicorum  is  the  hypothesis  of  a  change 
in  the  axis  of  rotation  of  the  earth,  the  admission  of  which  as  a 
geological  possibility  is  mathematically  demonstrable,  and  which 
has  recently  had  some  singular  evidence  in  its  favour  advanced  by 
geologists.'* 

It  is  an  established  fact  that  the  obliquity  of  our  earth  is  less 
than  it  was  some  centuries  ago.  But  this,  it  is  argued,  is  due  to 
those  small  variations  that  Laplace  and  Leverrier  showed  to  be 
possible ;  that  the  outline  of  the  polar  circle  is  a  waved  one,  and 
that  daring  the  time  these  observations,  were  made  the  direction 
of  the  pole  has  been  down  towards  one  of  these  waves ;  but  that 
it  will  again  rise  as  much  above  as'  it  has  dipped  below. 

The  movement  of  the  pole  is,  in  all  probability,  that  of  an 
ellipse,  or  of  a  spiral,  as  none  of  the  heavenly  bodies  describe  a 
circle,  all  the  orbiCis  being  ellipses  of  varying  degree. 

This  question  needs  to  be  re-investigated  by  the  astronomer ; 
meantime  geologists  are  at  liberty  to  speculate  on  the  possibility 
of  great  changes  in  the  obliquity  of  the  Ecliptic  having  caused 
former  great  variations  of  temperature. 

According  to  Lieut.-Gol.  Draysou,  the  obliquity  has  been  as  much 
as  85^.  The  effect  of  this  was,  he  supposed,  the  production  of  the 
Glacial  Period.  The  Arctic  Circle  would  then  reach  nearly  to 
Lat.  64^^ ;  there  would  be  an  accumulation  of  snow  during  the 
winter,  which  in  summer  would  all  be  melted  nearfy  to  the  Poles, 
causing  enormous  floods.  But  if  this  would  really  be  the  effect  of 
the  greater  obliquity  of  the  ecliptic,  we  might  at  once  dismiss  it 
as  a  possible  cause  of  the  accumulation  of  ice  during  the  Glacial 
period. 
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Such  results  might  rery  well  accord  with  Mr.  Alford  Tylor's 
theory  of  a  great  Pluvial  period. 

When  we  consider  the  enormoos  masses  of  ice  (thousands  of 
feet  in  thickness)  which  we  know,  from  their  "  spoor,"  must  hare 
mored  down  southwards  over  the  northern  parts  of  Europe,  Asia, 
and  America,  we  are  sure  that  they  could  not  have  been  pro- 
duced from  the  snowfall  of  a  single  winter. 

Let  us  consider  for  a  moment  the  question  of  the  effects  of  the 
present  inclination  of  the  earth's  axis. 

Pio.  6.  N.  23P 


Arctio  Circle. 


TropioftL 
Eqa&tor. 

Subtropical. 
WamiTmpte. 


Ck>ld  Temperate 


Cold  Temperate. 


AnUitstio  Oirde. 


Fio.  6. — The  Earth  at  the  present  period,  having  an  obliquity  of  2^°  to  the 
plane  of  ita  orbit,  prodneing  all  the  Tariations,  in  climate,  from  temperate 
to  arctic  conditions,  and  in  length  of  dar  and  night  12  honrs  daylight  and  12 
boors  night  at  the  Eqnator,  to  6  months  day  and  6  months  night  at  md  Poles. 

To  it  is  due  the  varying  length  of  days  throughout  the  year  in 
the  Temperate  and  Arctic  zones,  and  the  consequent  production 
of  the  Seasons.  If  the  axis  were  perpendicular  (see  Fig.  12)  as 
in  Jupiter  there  would  he  one  uniform  day  and  night,  and  one 
uniform  climate,  throughout  the  world.  The  piling  up  of  ice  and 
snow  at  the  sea-level  would  he  impossible,  except,  perhaps,  in  the 
immediate  neighbourhood  of  the  Poles,  where,  from  the  small 
altitude  of  the  sun,  its  rays  would  have  but  little  heating  power. 

Our  seasons  are,  then,  due  to  the  present  obliquity  of  the 
Ecliptic ;  as  also  the  glaciation  of  circumpolar  lands ;  indeed,  but 
for  that  obliquity,  snow  and  ice  could  not  accumulate  save  upon 
mountain  chains. 
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The  obliqnitj  of  the  Ecliptic  does  not  affect  the  mean  amount  of 
heat  received  from  the  smi  at  any  given  point,  which  remains  the 
same,  bnt  it  causes  the  heat  and  the  cold  to  predominate  at 
different  seasons  of  the  year. 

Thus,  near  the  Poles,  there  are  six  months  night  and  six  months 
day  ;  but  the  absolute  amount  of  heat  that  arrives  from  the  sun  is 
the  same  as  if  there  were  twelve  hours'  light  and  twelve  hours* 
darkness  every  day. 

Mr.  Belt  affirms  that  neither  the  cooling  of  the  air  by  the 
melting  of  the  snow  in  summer,  nor  the  formation  of  clouds,  tend 
to  prevent  the  accumulation  of  snows  from  year  to  year,  but  that 
their  conservation  is  due  really  to  the  reflection  of  the  sun*s  rays 
by  the  white,  snow-covered  surface  of  the  earth.  Therefore  a 
country  which  endures  a  long  hot  summer  and  a  long  cold  winter 
is  more  likely  to  favour  the  accutnulation  of  perennial  snow  than 
another  uoder  similar  conditions  of  sunlight  and  warmth,  but 
where  the  sun  rose  and  set  every  twelve  hours,  so  that  the  heat  by 
day  and  the  cold  by  night  were  never  so  excessive. 

Pio.  7.  N.  35«» 


Arctio  Cirde. 


54(0 1(.  tAt. 
Temperate  Zone 
SSl^'N.Lat. 


TropioB. 
Bqnator. 


Temperftte  Zone. 

Fio.  7.— laeal  figure  of  tho  Earth  in  the  Glacial  period.  The  axis  (like  that 
of  Mars  at  the  present  day)  is  asanmed  to  have  then  been  more  inclined  towards 
the  plane  of  its  orbit  than  now,  and,  like  Mars,  both  poles  were  greatly  glaciated. 

If  the  obliquity  of  our  earth  were  increased,  a  greater  and  yet 
greaier  area  would  be  brought  under  Arctic  conditions.  When  the 
obliquity  reached  35^°,  the  Arctic  Circle  would  extend  to  Lat.  54^°, 

o 
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and  the  Tropica  to  Sb^°,  redocinjf  the  Temperate  Zones  f^m 
their  present  vidth  of  43°  each,  to  19°,  one-half  the  decrease 
being  added  to  the  Tropica,  and  the  otlier  half  to  the  Arctic 
Zone.  (See  Fig.  7.)  The  half  near  the  Eqaator  wonld  have  it« 
temperature  greatly  raised,  and  become  an  additional  area  of  eTapoi^ 
a^n ;  trhilst  that  nearest  the  Polea  wonld  be  an  additional  area  of 
condensation. 

As  the  ice  extended  and  consolidated,  it  woold  gradnally  shat 
off  the  warm  currents  of  the  ocean,  now  extending  nearly  to  the 
Pole,  and  the  heat  ao  diverted  would  tend  to  assiat  and  increaiie 
evaporation,  and  thae  precipitation  wonld  also  be  proportionablj 
increased. 

It  is  a  fundamental  part  of  Hr,  Croll's  theory  (already  dis- 
ciuaed)  that  the  glaciation  of  the  two  hemispheres  should  take 
place  separatolj  and  alternately. 

It  is  an  equally  fundamental  principle  of  Mr.  Belt's  theory  ttiat 
they  should  be  glaciated  aimnltaneoaslj. 

In  support  of  hia  viewa,  Mr.  Belt  reminds  us — 

(a)  That  glacial  conditions  due  to  the  obliquity  of  the  Ecliptic 
exist  at  the  present  time  around  both  Poles. 


FlO.  8.— DUgmm  of  North  Polu-  Sea,  to  oontraat  with  Stoth  Pole.  Tb«  Smith 
FoIb  bariDg  a  bad^nrfMa  iDrrooDded  od  all  lidei  by  water ;  whercai  the  Nortk 
Pol*  appcam  to  ba  a  mariae  an*  abnoat  «BtiTeI;  larroDnded  b;  bad. 
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Tbat  more  ice  is  heaped  on  the  Antarctic  regions  than  upon  the 
Arctic  is  explicable  by  the  fact  that  a  larger  area  for  cTaporation 
is  afforded  in  the  soathem  hemisphere  by  its  more  extended  ocean 
basins;  whereas,  in  the  north,  not  only  are  the  Arctic  regions 
almost  encircled  by  lands,  and  so  offer  a  far  less  area  for  evapo- 
ration, but  mnch  of  the  snow  which  wonld  doabtlesB  reach  the 
Polar  regions  is  intercepted  by  monntain  chains  and  added  to 
local  glacier  systems,  sach  as  the  Alps,  the  Himalayas,  and  other 
high  northern  ranges.  (Compare  Diagrams,  Figs.  8  and  9.) 
Fra.  9. 


Fia.  9. — DufTBiD  of  tlis  Smth  PoUr  CoatinaDt,  to  iUiutrat*  the  TMt  laoil 
■raa  farming  the  g»th«riiig  groand  for  ths  grsat  Antantio  leeboti,  refgmd  to 
by  Mr.  Juaw  CnilL    (Sm  p.  5.) 

The  darkar  parti  along  tbe  margini  of  tba  Soath  PaUr  Laud  indicata  thoea 
partkma  which  hare  bees,  mora  or  leu,  locnnttel;  anrrajad,  raeh  u  South 
Victoria  Lasd  (with  Moont  Erahni),  Enderbj  lAnd,  Trinity  Land,  Ao. 

That  the  difference  is  due  to  leesened  precipitation,  and  not  to 
differences  of  temperature,  will  be  seen  by  following  the  isotherm 
of  30°  aronnd  each  hemisphere. 

In  the  southern  hemisphere  it  deviates  but  little  ^m  the  line 
of  60°  S.  Lat.  In  the  north  it  is  mnch  more  irregnlar,  bat  the 
naan  is  again  abont  60°  N.  Lat.,  proving  that  if  the  precipi- 
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tation  were  the  same,  there  would  be  as  much  snow  and  ice  north 
of  Lat.  60°  N.  as  there  is  sonth  of  Lat.  60°  S. 

(b)  Accumulations  of  snow  have  only  been  observed  on  one 
planet,  viz.,  Mars,  which,  with  an  obliquity  of  31^°,  is  glaciated  at 
both  Poles  at  the  same  time. 

Judging,  then,  from  analogy,  we  might  expect  the  Glacial 
period  to  have  been  contempotaneotis  in  both  hemispheres. 

{cj  Many  plants  and  animals  are  found  in  both  the  northern  and 
southern  temperate  zones,  having  close  affinities,  and  even  pointings 
to  a  common  origin,  yet  separated  by  the  whole  width  of  the 
Tropics,  which  they  cannot  now  pass. 

Mr.  Darwin  has  explained  their  presence  by  supposing  that 
during  the  Glacial  Period  they  were  driven  to  the  high  lands  of 
the  Tropics  by  the  advancing  ice,  and  that  on  its  retreat  they 
followed  it  north  and  south. 

A  glacial  period  in  one  hemisphere  only  would  not,  Mr.  Belt 
thinks,  afford  this  means  of  migration.  The  plants  and  animals 
driven  south  by  the  northern  ice  would  always  have  a  hot  zone  to 
the  south  of  them  which  they  could  not  pass. 

(d)  Mr.  Tylor  has  suggested  that  the  piling  up  of  ice  in  the 
northern  hemispheres  during  the  Glacial  Period  would  lower  the 
level  of  the  general  ocean  600  feet. 

Mr.  CroU,  on  the  contrary,  in  his  recent  papers  on  this  subject 
(Geol.  Mag.,  July  and  August,  1874),  shows  that  if  each  hemis- 
phere were  glaciated  alternately,  the  level  of  the  ocean  would  be 
raised  and  not  lowered  in  the  one  in  which  the  ice  accumulated  (as 
already  explained)  by  the  melting  of  the  ice  at  the  opposite  pule, 
and  the  shifting  of  the  centre  of  the  earth^s  gravity  towards 
that  covered  by  an  ice-cap.    (See  p.  6,  Fig.  4.) 

Mr.  Belt  concludes  that  one  Polar  ice-cap  could  not  materially 
lower  the  general  ocean  if  the  opposite  pole  was  freed  from  ice ; 
but,  on  the  contrary,  if  the  Glacial  Period  in  the  two  hemispheres 
was  contemporaneous,  then  the  water  abstracted  from  the  sea  and 
frozen  into  ice  at  the  Poles,  together  with  that  impounded  in  the 
great  lakes  of  North  America,  North  Europe,  and  North  Asia,  by 
the  blockade  of  the  northern  drainage  of  the  continents  with  ice, 
must  have  lowered  the  general  level  of  the  ocean  to  a  great 
extent. 

From  data  gathered  in  Central  America,  and  in  Siberia,  Mr. 
Belt  estimates  the  lowering  of  the  sea-level  by  the  accumulation 
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of  ice  at  the  Poles  could  not  have  been  less  than  2,000  feet,  and 
may  hare  been  mach  more. 

Applying  this  result  to  the  solution  of  the  problem  of  insular 
floras  and  faunas,  the  author  points  out  that  their  derivation  has 
usually  been  explained  by  supposing  such  islands  to  have  been  at 
one  time  joined  to  the  continents  nearest  to  them,  and  to  each 
other  in  Post-Tertiary  times.  In  every  case,  therefore,  the  last 
movement  has  been  one  of  depression,  the  bridge  by  which  they 
passed  over  has  been  submerged  and  destroyed. 

The  lands  uniting  Greenland  with  Europe,  England  with  Ire- 
land and  with  the  Continent,  Malta  with  Africa,  the  Malay  Archi- 
pelago with  Asia,  on  the  one  hand,  and  with  Australia  on  the 
other,  the  West  Indian  Islands  with  Venezuela  and  Yucatan,  and 
that  uniting  Tasmania  with  Australia,  are  all  supposed  to  have 
been  submerged  by  a  sinking  of  land,  unaccompanied,  in  most 
instances,  by  a  corresponding  elevation. 

It  is  a  significant  fact,  first  noticed  by  Wallace,  that  whilst  all 
islands  having  shallow  channels,  however  broad,  separating  them 
from  each  other,  and  from  not  distant  continents,  give  evidence  of 
a  former  connection  in  Post- Tertiary  times ;  on  the  other  hand, 
islands  surrounded  by  deep  water  are  marked  by  peculiar  faunas. 

Thus  Madagascar,  though  near  the  coast  of  Africa,  is  separated 
by  a  deep  sea,  and  its  fauna  and  flora  are  singularly  distinct. 

The  Galapagos  Islands  have  also  a  peculiar  fauna,  indicating 
the  antiquity  of  their  insulation. 

A  uniform  lowering  of  the  sea-level  would  afford  a  satisfactory 
solution  to  these  difficulties,  which  cannot  so  readily  be  explained 
by  local  subsidences  and  elevations. 

Again,  the  ancient  Submerged  Forests  so  frequently  to  be  met 
with  around  our  coasts  almost  everywhere  pass  under  the  bed  of 
the  ocean.  Mr.  Lucy,  F.G.S  ,  in  a  recent  communication  to  the 
Cotteswold  Club,  "  On  the  Submerged  Forest  at  Sharpness,** 
records  the  occurrence  of  25  of  these  old  littoral  forest -tracts, 
now  destroyed  by  the  invasion  of  the  sea  around  our  coasts. 
Their  present  submerged  condition  can  easily  be  explained  if  we 
assume  that  the  sea  has  risen  above  them,  not  that  the  land  has 
subsided. 

The  upward  growth  of  Coral-islands  from  great  depths  affords 
another  admirable  case  which  the  theory  of  Mr.  Belt  serves  to  ex- 
plain.    Darwin  first  proved  that  they  werq  due  to  the  gradual 
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deepening  of  the  ocean  bed  from  which  the  coral  islands  rise. 
Dana  estimated  the  deepening  to  be  at  least  3,000  feet,  and  that 
the  subsidence  extended  around  one- fourth  of  the  earth^s  circum- 
ference in  the  Pacific,  marked  by  atolls  for  6,000  miles  in  length 
and  2,000  in  breadth.  The  Bahamas  also  cover  a  submerged  area 
of  land  600  miles  in  extent  from  N.W.  to  S.E.,  whilst  the  long 
line  of  the  Florida  Keys  trending  away  from  the  land  of  Southern 
Florida,  evidence  the  same  downward  movement. 

A  rise  of  the  sea,  owing  to  the  increase  of  its  volume — liberated 
after  the  Glacial  Period  from  the  ice  of  the  Polar  regions — would 
produce  the  same  effect  as  the  lowering  of  the  land,  which  might 
not  occur  generally  with  the  same  precision  of  level  as  that  of  the 
waters  of  the  ocean. 

Again,  the  continent  of  South  America — and  indeed  the  moan- 
lain  chains  generally,  all  over  the  world — testify  to  the  fact  that 
they  have  been  glaciated  to  lower  levels  upon  their  slopes  than 
that  to  which  ice  and  snow  now  descend,  or  where  they  occur 
perennially.  A  general  lowering  of  the  sea-level  would  produce 
precisely  the  same  effect  on  climate  as  the  raising  of  the  continental 
surfaces ;  the  atmosphere,  following  down,  would  bring  the  freezing 
point  so  much  lower  than  it  otherwise  would  be. 

An  increase  in  the  present  obliquity  of  the  Ecliptic  would  not 
only  permit  a  greatly-increased  accumulation  of  ice  on  circum- 
Polar  lands,  but  it  would  be  the  cause  of  lowering  the  mean  tem- 
perature of  the  Tropics ;  so  that  the  snow-line  would  even  descend 
still  further  from  increased  precipitation,  due  to  the  grater  evapo- 
ration. 

An  examination  of  the  deltas  of  great  rivers,  such  as  the 
Ganges,  the  Mississippi,  the  Nile,  and  the  Po,*  has  shown  that 
there  are  numerous  land-surfaces  and  fresh-water  deposits  hundreds 
of  feet  below  the  level  of  the  sea.  Indeed,  the  channels  of  most 
of  our  rivers  are  really  much  deeper  cut  than  their  present  bed. 

Mr.  Belt  thinks  that  evidence  of  the  close  of  the  Glacial  £poch, 
and  of  the  gradual  retreat  and  melting  of  the  ice  in  lower  lati- 
tudes, may  be  found  in  those  universal  traditions  of  mankind 
as  to  floodsand  inundations,  the  heritage  alike  of  civilized  and 
barbarous  races.  Whether  this  be  so  or  not,  it  is  at  least  satis- 
factory to  be  able,  as  geologists,  to  indicate  a  probable  cause  which 
may  adequately  explain  these  wide-spread  legends  of  the  Deluge. 

•  See  Alfred  Tylor's  i»aper  on  the  Delta  of  the  Po:  GeoL  Mag.,  1872, 
YoL  DL,  p.  392  and  485. 
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If  man  had  already  peopled  the  earth  in  the  still  older  times 
when — 

A  solid  wall  of  ice  hemmed  in  the  earth 
Both  north  and  aoath ;  from  which,  at  times, 
Hoge  fragments,  sailing  forth,  bj  ocean  borne. 
Grounded  on  old  Atlantis'  fabled  strand. 
Cooling  the  breeie  for  maiiy  a  league  around 

•—then  the  difficulties  of  the  anthropologist  are  also  greatly  re- 
duced; for  many  an  island,  beside  the  fabled  Atlantis,  or  8t. 
Brandred*s  Isle,  then  lifted  its  head  above  the  wave,  and  many  a — 
to  ii«— pre-histoiic  Columbus  accomplished  with  ease  what  our 
modem  discoyerer  achieved  with  so  much  difficulty  less  than  400 
years  ago.* 

If,  as  Mr.  Belt  concludes,  the  melting  as  well  as  the  accumu- 
lation of  the  ice  of  the  Glacial  Period  must  have  occupied  thou- 
sands of  years  in  accomplishment,  this  is  quite  in  accordance  with 
the  gradual  growth  of  coral-reefs,  and  the  silting  up  of  deltas 
filled  with  fresh  water  deposits.  But  probably  some  sudden  rises 
did  from  time  to  time  occur,  causing  local  floods  and  the  inun- 
dation of  vast  low-lying  tracts  of  country. 

Since  the  close  of  the  great  Ice  Age,  there  is  clear  and  indis- 
patable  evidence  of  the  rise  of  land  both  towards  the  North  and 
South  Pole,  which  is  probably  even  now  in  progress. 

In  the  south,  the  extremity  of  South  America,  and  a  part  of 
New  Zealand,  has  been  elevated. 

In  the  north,  the  coasts  of  Scandinavia,  commencing  on  the 
eastern  side  near  Stockholm,  and  on  the  western  coast  near 
Gothenburg,  and  increasing  northwards  as  far  as  the  North 
Cape.  The  raised  beaches,  with  Arctic  shells,  everywhere  rest 
upon  Boalder-clay  with  trans^rted  blocks. 

The  coasts  of  the  Arctic  Sea  are  also  slowly  rising  (according  to 
Adminal  von  Wrangel) ;  marine  beds  containing  shells  of  existing 
species,  together  with  remains  of  the  Manmiotb,  occur  several  feet 
above  the  present  sea-level. 

On  the  American  side,  the  elevation  commences  near  New  York, 
where,  at  Brooklyn,  raised  sea-beaches,  with  marine  shells,  occur 
100  feet  above  the  present  level  of  the  sea.  This  elevation  in- 
creases in  a  northerly  direction.  At  Quebec  and  Montreal  it 
reaches  to   400  and  500  feet,  whilst  still  further  north,  within 

*  A.D.  1^2,  Difoovery  of  America  bj  Chnatopher  ColumboB. 
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the  Arctic  Circle,  on  the  shores  of  Barrow  Straits,  sea-shells  of 
existing  species  have  been  carried  up  to  a  height  of  1000  feet 
aboTe  the  ocean.  The  movement  clearly  increases  towards  the 
Pole. 

A  part  of  the  coast  of  Greenland  is  said  to  be  in  a  state  of  sub- 
sidence, but  Greenland  is  9ioii7  undergoing  intense  glaciaiion^  and  is 
buried  in  snow  and  ice  piled  mountains  high.  All  the  geological 
eyidence  is  in  favour  of  these  lands  having  been  above  the  sea 
in  pre-Glacial  times.  The  lands  around  the  Poles  must  tHen 
have  sank  down  after  they  were  covered  with  ice,  and  they  have 
been  slowly  rising  since  it  melted  away. 

Mr.  Belt  believes  the  cause  of  the  depression  was  the  piling  up 
of  so  vast  a  weight  of  ice  aronnd  the  Poles,  and  that  the  cause  of 
the  eUvation  was  the  removal  of  that  vast  weight  by  the  gradual 
melting  of  the  ice. 

Pig.  10. 

NoBTH  Pole. 


FiQ.  10.— Diagram  to  illnatrate  Mr.  Belt's  theory  of  the  depression  of  land  at 
the  Poles  during  the  Glacial  Epoch,  by  the  heaping  ap  of  ice  (a)^  causing  the 
emst  (^)  to  be  depressed  to  (e),  which  again  rises  to  (h)  npon  the  removal  of  the 
Ice-cap  (a). 

That  the  movement  of  elevation  still  continues  in  some  places 
only  shows  that  the  earth  is  a  (more  or  less)  rigid  body,  and  but 
slowly  gives  way  to  great  strains. 

Li  considering  the  theories  which  have  been  put  forward  in 
order  to  account  for  the  cold  of  the  Glacial  Epoch,  one  important 
point  to  be  borne  in  mind  is,  the  relative  time  assumed  to  be  occu- 
pied by  the  respective  operations  of  eccentricity  of  the  earth's 
orbit  on  the  one  hand,  and  by  the  greater  obliquity  of  the  Ecliptic 
on  the  other. 

Thus,  Mr.  CroU's  theory  of  the  eccentricity  of  the  earth's  orbit 
requires  a  period  of  200,000  years  to  elapse.  On  the  other  hand, 
Mr.  Belt's  theory  of  the  greater  obliquity  of  the  Ecliptic  would 
not  require  much  more  than  20,000  years,  or  one-tenth  of  the 
time  demanded  by  Mr.  Croll. 

We  have  not  the  least  desire  needlessly  to  question  the  time 
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Mifflnmed  to  be  required  for  the  completion  of  any  particalar  geo- 
logical change  on  oar  earth ;  bnt  if  each  deposit,  as  we  recede  in 
'time,  represents,  as  there  is  reason  to  believe,  a  longer  and  yet 
longer  period  of  onr  earth's  past  history  than  that  which  preceded 
it,  it  becomes  very  like  the  old  story  of  doubling  the  pric^  of  the 
sails  in  the  horse's  shoes — the  sum  becomes  millions  long  before 
^we  reach  the  base  of  the  Palseozoic  rocks,  and  the  earliest  traces  of 
life  on  the  earth. 

Diagram  Uliutratiiig   the  oomparatiTe  thioknesaes  of   the  several  Depodto 
forming  the  siratified  crust  of  the  Earth. 
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But  to  resume  : — 

If  our  Glacial  period  merely  necessitated,  as  Mr.  Croll  supposes, 
the  heaping  up  of  snow  and  ice  around  the  North  Pole,  the  only 
result  would  be  a  slight  shifting  of  the  centre  of  gravity  of  the 
earth  northwards ;  but  if  it  was  contemporaneous  in  the  two  hemi- 
spheres (as  Mr.  Belt  assumes),  the  figure  of  the  earth  would  be 
changed,  its  Polar  diameter  would  be  lengthened,  its  mean 
Equatorial  diameter  shortened,  and  a  series  of  strains  would  be 
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Fio.  11.  gg|j  ^p^  tending  to  restore  its  figure  to  a 

state  of  equilibrium.     (Figs.  10  and  11.) 

And  if,  during  the  Glacial  Epoch,  that 

state  had  been  arrived  at  by  the  sinkiiuF 

down   of  the  dsciimpolar  land,   and  the 

rising  of  land  in  the  Tropics,  then,  when 

the  ice  melted  away,  the  Polar  diameter 

would  be  shortened,  the  mean  Equatorial 

I  diameter  lengthened,  and  forces  would  be 

\  set  in  operation  tending  to  lower  the  land 

I  at  the  Tropics,  and  raise  that  around  the 

K  I^B^i  Poles. 

That  the  deepening  of  tropical  seas,  as 
evidenced  by  the  growth  of  coral  islands, 
is  due  to  an  actual  sinking  of  the  bed 
of  the  ocean  is  perfectly  in  accord  with  this 
theory.  But  whether  by  the  deepening  of 
the  sea  by  addition  to  its  volume,  or  by  de- 
pression of  its  bed,  the  cause  (according 
to  Mr.  Belt)  has  be^n  the  gradual  melting 
of  the  ice  piled  up  during  the  Glacial 
Epoch,  which,  by  its  liberation,  has  dis- 

Fio  11  — DiAffram  to  fl    turbed  the  equilibrium  of  the  figure  of  the 

lustrate  the  increase  of  the   earth. 

Equatorial  diameter  durinff         _.  ^         »  .-»  .^  ,  <. 

the  Olaoial  Epoch,  and  the       The   movements   of  the   earth  s   surface 

S°Xi~^  fe  '"'^"  ^'^^^"^  •>**"  '"•'"''***  ^  ^^^  *=*>°*™*'- 

by  theremoTalof  thePolar  tion  of  its  crust  by  secular  cooling.  Bat 
Icecaps.     E.  the  eqoator.    ^      i  •  xi^  ^  •     i      i 

(See  aLo  fig.  10,  p.  ^)  Laplace,  reasoning  on  the  astonomical  ob- 
servations of  Hipparchus,  could  find  no  appreciable  difierence  from 
the  contraction  of  the  earth  during  the  last  2,000.  years.  The  length 
of  the  day  has  not  been  shortened  by  even  the  space  of  1 -80th  of  a 
second,  so  that  the  contraction,  if  any,  must  be  in-appreciable. 

Mr.  Belt  thinks  that  even  the  radiation  of  heat  into  space  is 
probably  not  greater  than  that  which  our  earth  receives  from  the 
sun,  and  that  he  is  justified  in  concluding  that  volcanos  and  earth- 
quakes, and  the  increase  of  heat  in  mines,  are  all  referable  to 
the  strains  set  in  action  by  the  melting  of  the  ice-caps  of  the 
Glacial  Period. 

The  insufficiency  of  the  central  heat  theory  is  shown  by  the 
state  of  the  ground  in  Northern  Siberia.     At  Yakutsk  the  soil — 
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save  a  few  feet  which  is  thawed  every  stiminer — ^is  permanently 

frozen  to  a  depth  of  about  400  feet. 

This  soil  extends  to  the  shores  of  the  Frozen  Sea,  the  cliffs 
bordering  the  rivers  being  in  many  plaees  composed  of  alternate 

layers  of  soil  and  ice.     It  is  in  these  cliffs  that  the  bodies  of  the 

Arctic  Rhinoceros  and  Mammoth  have  been  fonnd,  with  their  flesh 

still  preserved.     The  soil  cannot  have  been  thawed  for  a  single 

season   since  they  were  entombed,  or  their  flesh  wonld  have 

putrefied.     The  ice,  therefore,  is  as  old  as  the  close  of  the  Glacial 

Period,  at  which  time  these  great  animals  flourished. 

It  could  not  have  remained  frozen,  however,  at  a  depth  of  400 
feet  from  the  surface  if  the  earth  were  a  cooling  globe.  If,  how- 
ever, the  heat  of  the  earth  be  due  to  movements  within  it,  we  can 
understand  that  in  Siberia  it  may  not  have  been  developed  to 
the  same  extent  as  elsewhere  ;  for,  according  to  Murchison,  Siberia 
is  a  country  of  great  geological  stability  ;  von  Cotta  even  thinks 
it  has  never  been  submerged  since  the  close  of  the  Permian  period. 

From  a  personal  examination,  Mr.  Belt  finds  that  the  steppes  are 
composed  of  freshwater  deposits,  excepting  those  on  the  extreme 
northern  border  of  the  country. 

If  it  be  true  that  volcanos  are  due  to  movements  of  the  crust 
of  the  earth — not  to  secular  cooling — but  to  those  forces  tending 
to  restore  the  equilibrium  of  the  earth's  figure — disturbed  alter- 
nately by  the  accretion  of  ice  at  the  Poles  during  the  Glacial 
Period,  and  to  its  subsequent  liquefaction,  it  will  add  yet  another 
to  the  many  marvellous  effects  due  to  the  action  of  the  sun  upon 
our  planet. 

Whether  the  earlier  and  greater  geological  folds  and  upheavals 
naay  not  be  due  to  other  causes,  is  not  ventured  to  be  denied. 

But  in  accounting  for  the  cold  of  the  Glacial  Period  we  have 
only  answered  half  the  problem  we  are  called  upon  to  solve. 
There  is  the  heat  of  early  Tertiary  times  to  be  likewise  explained. 

Over  barren  wastes,  with  here  and  there  a  stunted  bush  of 
Salix  polartSy  or  a  scanty  covering  of  Arctic  mosses  and  lichens  ; 
where  the  musk  ox  and  Greenland  lemming  found  their  northern 
limit  in  summer,  there  stretched,  at  the  commencement  of  the 
Tertiary  period,  rich  and  luxuriant  tropical  forests.  Palm  trees, 
of  types  now  restricted  to  the  Moluccas,  the  Philippines  and 
Bengal,  with  custard  apples,  melons,  and  many  other  tropical 
plants,  flourished  in    the  neighbourhood  of   Paris  and  London. 
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Hnge  animals  resembling  tapirs,  but  larger,  roamed  in  the 
forests  ;  monkeys  chattered  amongst  the  trees  ;  tortoises  and 
other  chelonise  abounded  along  its  shores,  whilst  sea-snakes, 
crocodiles,  and  enormous  sharks  tenanted  the  waters. 

The  climate  of  the  Eocene  period  was  even  much  warmer  in  pro- 
portion than  that  of  the  great  ice  age  was  colder  than  the  present. 

Mr.  Carruthers  lately  remarked  to  me  that  even  at  the  present 
time  snow  lies  in  the  hollows  of  the  Grampians  all  the  year  round. 

Indeed,  if  we  had  a  mountain  near  London,  6,000  feet  high,  we 
should  have  its  top  covered  by  perennial  snow. 

When  the  tropical  fauna  and  flora  occupied  central  Europe  as 
far  as  52°  N.  lat.,  still  nearer  the  Pole,  vegetation  flourished 
similar  to  that '  which  characterizes  the  milder  portions  of  the 
Temperate  Zone,  and  the  representatives  of  our  present  fauna  and 
flora  in  Northern  Europe  lived  and  throve  within  11°  of  the  Pole. 

Thus  at  Spitzbergen,  far  within  the  Arctic  Circle,  in  latitude 
78°  66'  flourished  species  of  hazel,  plane,  poplar,  lime,  and  beech 
trees.  Professor  Heer  is  of  opinion  that  firs  and  poplars  must  have 
reached  to  the  pole  itself,  if  there  was  laud  for  them  to  grow  on. 

The  Arctic  plant-beds  are  described  as  of  "  Miocene  Age," 
because  out  of  137  species  of  plants  found  in  Greenland,  46,  or 
one-third,  are  identical  with  those  of  Miocene  age  in  Central 
Europe.  This  fact  seems,  however,  to  favour  the  opposite  conclu- 
sion. It  is  improbable  that  so  many  species  should  have  had  such 
a  wide  range. 

As  in  the  Eocene  period,  central  Europe  was  occupied  by  a 
Bub-tropical  fauna  and  flora.  Mr.  Belt  asks — Is  it  not  most 
probable  when  the  greatest  heat  prevailed  in  Europe,  that  was  also 
the  time  of  the  greatest  heat  within  the  Arctic  Circle,  and  that  on 
the  advent  of  the  cooler  Miocene  climate  some  of  the  species, 
living  much  further  north,  migrated  southwards  into  central 
Europe,  and  took  the  place  of  the  Eocene  flora,  for  which  the 
climate  had  then  become  too  cool  ? 

That  many  deposits,  hitherto  referred  to  difierent  geological 
ages,  have  been  actually  accumulated  contemporaneously  in  con- 
tiguous areas,  is  now  becoming  a  recognised  fact,  yet  few  are 
aware  that  the  doctrine  was  enunciated  nearly  fifty  years  ago  by 
Mr.  G.  Poulett  Kcrope,*  and  subsequently  was  more  carefully 
elaborated  by  the  late  Professor  Edward  Forbes.f 

•  Scrope,  YolcanoB,  1825,  p.  2d9. 

t  See  WilMn  and  Geilde^B  Memoir  of  Forbes,  p.  885. 
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Heer  records  more  than  sixty  different  species  of  plants  from 
N.  Greenland  in  latitude  70°  N.*  Amongst  them  Sequoia  Langs'- 
^orfi,  cones  of  the  Magnolia,  vines,  and  broad-leaved  ferns  were 
abundant.  The  trunks  of  some  of  the  trees  were  thicker  thaa 
a  man's  body.f  In  Spitzbergen  they  were  equally  abundant  in  Lat. 
78^  66'  N.,  or  within  1 1  degrees  of  the  Pole. 

No  redistribution  of  land  could  make  the  climate  of  Spitzbergen 
more  tolerable  than  it  is,  lying  as  it  does  in  the  line  of  the  warm 
current,  nor  could  it  obviate  the  length  of  the  Arctic  night,  which 
must  prove  fatal  to  all  the  higher  types  of  vegetation. 

The  shortest  night  attainable  in  Arctic  regions  under  present 
astronomical  allowances  is  three  months,  during  which  the  sun 
would  not  rise  above  the  horizon. 

"  It  is  well  worthy  of  remark"  (writes  the  Rev.  Professor 
Haughton),^  "  that  the  arguments  from  the  occurrence  of  coal- 
plants  and  ammonites  strengthen  each  other ;  the  coal-plants 
rendering  the  question  of  light y  and  the  ammonites  that  of  heat 
insuperable  objections  to  the  admission  of  any  received  geological 
hypothesis  to  account  for  the  finding  of  such  remains  in  situ,  in 
latitudes  so  high  as  those  of  Melville  Island,  Prince  Patrick's 
Island,  and  £xmouth  Island." 

The  presence  then  of  trees  in  Tertiary  deposits  in  Greenland  and 
Spitzbergen  may  serve  as  a  crucial  test  for  this  investigation. 

The  long  Arctic  nights  are  caused  by  th«  obliquity  of  the 
Ecliptic,  and  only  by  the  lessening  of  that  obliquity  can  they  be 
shortened. 

Having  shown  that  an  increase  of  cold  at  both  Poles  would  result 
from  a  greater  obliquity  of  the  Ecliptic,  let  us  consider  the  effect 
of  a  great  decrease  in  that  obliquity. 

The  present  position  of  the  axis  of  Jupiter  proves  that  there  is 
nothing  impossible  in  the  supposition  that  the  axis  of  the  earth 
may  also,  at  one  time,  have  been  perpendicular  to  the  plane  of  its 
orbit.  The  immediate  effect  of  such  a  change  would  be  the  equalisa- 
tion of  day  and  night  all  over  the  globe.  Every  parallel  of  latitude 
would  have  but  one  season.  At  the  equator  alone  would  the  sun 
rise  vertical  overhead  at  noon.  In  the  temperate  zones  would 
reign  perpetual  summer,  and  within  the  Arctic  Circle  perpetual 

*  See  Prof.  Heer's  **  Lecture  on  the  Miooeoe  Flora  of  the  Polar  Regions/' 
Geol.  Mag.,  1868,  Vol.  ▼.,  p.  273 

t  »ee  **  Norden^kidld's  Expedition  to  Greenland/'  Qeol.  Mag.,  1872,  Vol.  ix. 
p.  456. 

X  Appendix  p.  995,  to  MoClintock's  "  Voyage  of  the  Fox*'  (1859). 
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spring.      In  central   Europe  subtropical  yegetation   might  then 
flourish, 
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Fxa.  12.— Ideal  fignn^  of  the  Earth  in  the  European  Eocene  Period.  The  Axis 
(like  that  of  Jupiter  at  the  present  time)  is  assumed  to  hare  then  been  perpen- 
dicular to  the  plane  of  its  orbit. 

In  North  Greenland  the  sun  would  rise  every  day  to  a  height  of 
20^  above  the  horizon  and  give  twelve  hours'  sunshine.  Spitz- 
bergen  would  be  colder,  as  the  sun  would  rise  to  such  a  small 
altitude  above  the  horizon,  but  even  there,  says  Mr.  Belt,  the 
warmth  of  the  Gulf-stream  would  cause  frost  to  be  unknown. 

I  fear  I  may  have  wearied  your  patience  by  this  lengthened 
exposition  of  the  new  Glacial  hypothesis,  and,  after  all,  may  have 
failed  in  my  attempt  to  place  clearly  before  you  the  main  points  to 
which  I  desire  to  direct  your  thoughts.  On  the  question  of  the 
internal  heat  or  cold  of  the  interior  of  our  earth,  I  will  not  descant ; 
but  the  theory  of  the  variation  of  the  obliquity  of  the  E2cliptic 
should  not  be  allowed  to  remain  long  unsettled  after  this  date« 

May  we,  as  geologists,  venture  to  question  the  past  verdict  of 
astronomers  on  this  point  ?  And  may  we  ask  them  to  re-examine 
their  data  ?  I  think  we  may  safely  do  so.  For  the  internal  evi- 
dence afforded  by  the  Tertiary  Floras  of  Greenland  and  Spitz- 
bergen,  and  the  conclusions  of  some  of  our  ablest  Botanists,  as 
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Heer  and  Carmtliers,  thereon,  are  as  incontroyertible  as  the  effects 
of  grayitation.  Happily  for  the  yonnger  school  of  geologists, 
astronomers  no  longer  insist  on  oar  conceding  to  them  the  dogma 
of  infallibility.  Popes  in  Science,  who  would  bend  facts  to  fit 
theories,  are  qnickly  dethroned  now  a-days,  and  only  those  theorists 
command  onr  respect  who  build  upon  a  coherent  foundation  of  well- 
arranged  facts.  If  in  the  Tertiary  epoch  the  earth's  axis  has  passed 
through  a  gradual  movement  from  a  position  in  which,  like  Jupiter, 
its  axis  was  perpendicnlar  to  the  plane  of  its  orbit,  to  one  in  which, 
like  Mars,  its  axis  was  inclined  at  an  angle  of  30^  or  even  35^, 
and  if  it  be  now  as  slowly  returning  to  its  former  phase,  it  seems 
but  probable,  that  in  past  geological  ages  the  same  slow  rariations 
hare  been  taking  place,  producing,  at  long  intervals,  the  same  cli- 
matal  changes  we  have  just  discussed. 

Prof.  Ramsay,  Mr.  Geikie,  and  others,  believe  they  have  de- 
tected physical  evidences  of  several  past  glacial  epochs — ^it  is  for 
the  palseontologist  to  apply  climatal  tests  to  the  older  faunas,  in 
order  to  confirm  or  refute  these  conclusions. 

During  the  past  year  Mr.  J.  W.  Judd,  Profs.  Geikie  and  Hull, 
have  contributed  to  our  knowledge  of  the  existence  in  Ireland  and 
the  Western  Highlands  of  successive  series  of  volcanic  rocks 
capable  of  identification  with  periods  of  eruptive  activity  in  the 
Silurian,  the  Old  Red  and  the  Tertiary  periods.  Several  of  the 
Tolcanic  vents  have  been  discovered  with  their  "  necks"  still  sur- 
rounded by  bombs  and  scoriae,  clearly  indicating  the  sites  of  erup- 
tions similar  in  character  and  in  their  attendant  phenomena  to  those 
of  to-day.  There  is  no  grourui,  then,  for  the  assertion  of  Mr. 
Robert  Mallet  that  the  later  volcanos  alone  have  thrown  out  ashes 
and  scorise,  and  the  earlier  only  lavas. 

That  Lundy  Island  may  probably  be,  as  pointed  out  by  Mr. 
Judd',  relegated  to  the  same  volcanic  series  as  that  of  the  Western 
Highlands  ;  and,  as  Air.  Allport  has  more  recently  suggested,  that 
the  "  Wolf  Rock"  between  Land's-end  and  the  Scilly  Islands  may 
probably  mark  a  more  southern  extension  of  this  great  line  of 
Tertiary  volcanic  action — the  thermal  springs  at  Bath,  so  long 
isolated,  now  form  an  harmonious  link  in  the  chain  of  evidence 
(referred  to  in  my  last  year's  address),  attesting  an  axis  of  volcanic 
disturbance  running  north  and  south  equal  in  longitude  to  that  of 
the  two  Americas,  although  now  in  great  part  sunk  beneath  the 
Atlantic. 
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This  Association  is  essentially  a  practical  one,  as  a  retrospect 
of  its  published  proceedings  will  clearly  attest.  Even  in  the  past 
twelve  months  sufficient  good  solid  work  has  been  accomplished 
to  lift  it  above  the  level  of  a  mere  dilettanti  society.  And  if,  in 
the  earlier  days  of  its  existence,  some  among  its  promoters  may 
have  formed  somewhat  Utopian  notions  as  to  its  future  career, 
the  more  practical  working  members  have  fully  achieved  for  it  a 
high  character  for  usefulness  and  durability. 

8ince  its  foundation  in  1858,  a  period  of  sixteen  years  has 
elapsed  and  although  from  1863  to  18Z0  the  Association  appears 
to  have  somewhat  languished,  yet,  on  the  whole,  the  amount  of 
work  done  and  of  country  traversed  geologically  has  been  veiy 
considerable.  More  than  100  excursions  have  been  made,  and 
nearly  200  papers  read,  of  which  a  large  proportion  have 
already  been  published  in  our  **  Proceedings." 

But  whilst  congratulating  you  on  the  progress  of  the  Associa- 
tion hitherto,  let  us  not,  like  the  Lotophagi,  rest  lost  in  idle  con- 
templation— 

*'  Propt  on  beds  of  amaranth  and  moly," 

but  rather  seek  new  grounds  to  explore,  new  materials  to  classify, 
and  new  theories  to  be  tested. 

As  a  London  society,  we  are  especially  interested  in  all  con- 
nected with  the  Thames  valley.  Can  we  not  complete  the  history 
of  its  past  faunas,  and  map  its  old  physical  conditions  ? 

Mr.  William  Davies,  of  the  British  Museum,  has  this  year  com- 
pleted an  admirable  catalogue  of  its  Pleistocene  Mammalia,  as 
illustrated  by  the  grand  collection  from  the  Brick- earth  at  Ilford, 
formed  by  Sir  Antonio  Brady,  Knt.,  F.G.8.  (now  in  the  British 
Museum).     May  we  not  add  to  this  ? 

The  valuable  work  by  our  late  lamented  friend  and  associate, 
Professor  Phillips  contains  much  ;  surely,  we  may  still  add  more. 

Mr.  Frederick  Edwards'  celebrated  collection  of  Eocene  Tertiary 
fossils,  and  that  of  Mr.  Nathaniel  Wetherell,  F.Q.8.,  of  Highgate, 
are  now  national  property,  and  are  easily  accessible  to  the  scientific 
student.  Of  the  2885  species  of  Eocene  mollusca  in  Mr.  Edwards' 
collection,  742  species  are  M8,  and  need  to  be  described  and  figured. 
The  PalsBontographical  Society  will  find  the  plates;  who  will 
volunteer  to  find  the  descriptions  7  I  believe  in  this  Association 
we  have  at  least  three  or  four  members  fully  qualified,  and  probably 
quite  willing  to  combine  and  carry  out  this  object. 
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Onr  excellent  Vice-Preaident,  Mr.  Robert  Etheridge,  P.B.8., 
liM  kindly  fnrnished  me  the  latest  column  in  the  subjoined  table, 
from  which  it  appears  that  there  are  18,275  species  of  described 
British  fossils. 
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I  have  estimated  the  cosmopolitan  lists  ronghly  at  39,000  species, 
BO  that  we  may  still  hope  to  find  many  more  new  forms  in  Britain. 
One  of  onr  Members,  Mr.  Hopkinson,  is  already  prepared  to 
make  a  considerable  addition  to  the  Graptolites  of  the  Arenig 
Gronp ;  Mr.  P.  Q.  H.  Price  and  Mr.  Oardner  are  both  working 
up  the  Fanna  of  the  Ganlt ;  the  latter  gentleman  hopes  (aided  by 
Ur.  Carmthers,  F.R.S.),  td  monograph  the  Flora  of  the  Bonme- 
month  and  Alnm  Bay  Plant-beds.  Many  British  Fossil  Cmstacoa 
still  remain  to  be  described,  and  I  have  also  a  new  fossil  Scorpion 
from  the  Coal-meicsnres  of  Sandwell  Park  Colliery,  near  Birming- 
ham, to  place  before  yon  shortly. 

Onr  able  Honorary  Secretary,  Mr.  Hndleston,  will  this  Session 
present  his  second  great  paper  on  the  Oolites  for  your  acceptance, 
and  onr  distinguished  colleague.  Professor  Morris,  has  incidentally 

*  The  admirable  Bummary  given  by  the  Rev.  Thos.  Wiltshire,  M.A.,  F.G  S  , 
V.P.O.A.,  the  Hon.  Sec,  in  this  year's  Tolume  of  the  PalsBontofirraphical  Society, 
•hows  that  daring  the  28  years  of  its  ojperations  opwards  of  4^000  British  species 
httfe  been  dMcriMd  and  figured  in  the  Society's  Monographs. 
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mentioned  tliat  lie  has  seyeral  disconrses  ready  for  deliyery  on  a 
yariety  of  topics,  bnt  especially  npon  the  appearance  of  the  great 
gronps  of  animals  in  time,  and  their  relation  to  the  functions  which 
they  fulfil,  as  well  as  to  each  other. 

Mr.  G.  Smith,  another  of  our  Members,  has  prepared  with  great 
skill  and  ability  more  than  100  sun-pictures  of  fossils  illustrative 
of  the  chief  types  of  ancient  life  on  our  planet,  well  suited  for 
lecture-purposes,  and  admirably  adapted  to  promote  a  taste  for 
geological  studies  among  the  young. 

I  have  already  had  the  pleasure  to  exhibit  some  of  these  (by 
means  of  the  oxy-hydrogen  lantern)  before  the  Members  of  this 
Association  during  the  course  of  last  Session,  but  many  new  ones 
haye  lately  been  added  to  the  series.  I  have  much  pleasure  in 
commending  them  for  their  accuracy  and  clearness.  They  deserre 
to  be  yery  widely  known,  and  are  sure  to  be  appreciated. 

According  to  established  custom,  I  shall  yacate  this  chair  at  the 
next  Annual  Meeting  in  February,  1875,  but  it  is  not  my  inten- 
tion to  cease  to  co-operate  with  you,  or  to  feel  a  lively  interest  in 
the  welfare  of  the  Association,  which  has  done  me  the  honour  to 
call  me  to  its  highest  office,  a  position  I  feel  I  am  but  little  worthy 
to  occupy. 

In  his  Anniversary  Address  to  the  Geological  Society  of  London 
in  February  last.  His  Grace  the  Duke  of  Argyll  has  laboured  to 
point  out  how  much, as  geologists,  we  have  yet  to  learn  concerning 
this  great  universe  '*  in  which  we  live  and  move  and  haye  our 
being,*'  and  he  has  reminded  us  of  the  words  of  that  excellent  and 
highly-gifted  lady,  Mrs.  Somerville,  who  exclaimed,  after  a  life 
given  up  to  the  earnest  pursuit  of  science,  '^  Ah  1  how  little  it  is 
we  know." 

While  fully  concurring  in  that  truth,  as  applied  to  geology,  I 
would  record  here  another  equally  terse  and  apt  remark  which  fell 
from  the  lips  of  my  esteemed  friend,  Professor  Morris,  a  few  days 
since.  It  is — "  How  much  we  owe  to  that  Older  School  of  Geolo- 
gists, who,  fifty  years  ago,  first  expounded  the  great  and  funda- 
mental facts  of  geology  for  us,  and  yet  whose  writings  we  too  often 
pass  over  unread,  and  whose  yery  names  will  soon  be  forgotten  by 
the  Younger  School  of  Geologists." 
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OBDINAKY  MEETING,  Fsbruabt  6th,  1874. 

HsNBY  Woodward,  Esq.,  F.R.S.,  F.Q.S.,  &c..  President,  in 
the  Chair. 

The  following  Donations  were  announced  :— 
'*  Catalogue  of  the  Library  of  the  Corporation  of  London." 
"  Abstract    of  Proceedings  of  the  Geological    Society,"  from 
that  Society. 

Henry   Alpha   Burrows,   Esq.,   was  elected  a   Member  of  the 
Association. 

The  following  Papers  were  read  : — 

1.  On    thb    Probability   of  Finding    Coal   in  the  Eastern 

Counties. 

By  John  Gunn,  Esq.,  M.A.,  F.G.S. 

In  my  former  paper,  '^  On  the  dip  of  the  Chalk  in  Norfolk,"  I 
pointed  out  that  the  Chalk,  which  had  been  horizontally  deposited, 
vras  upraised  about  1,700  feet  at  Hanstanton,  where  it  crops  out 
together  with  the  Lower  Greensand. 

The  object  of  my  present  paper  is  to  show  the  bearing  which  this 

tiplieayal  has  upon  the  prospect  of  finding  Coal  in  the  Eastern 

Counties,  and  especially   at  Hunstanton  and  along  the  outcrop  of 

tlie   Kimmeridge   Clay.      Its   effect  obriously   is  to    bring  the 

Paleozoic  strata  proportionately  nearer  to  the  surface ;  but  as  the 

vatennediate  beds  between  the  Cretaceous  and  Palaeozoic  are  an 

unknown  quantity,  and  may  be  (tf  such  a  thickness  as  to  preclude 

the  possibility  of  reaching  coal  at  a  workable  depth,  I  propose  to 

Mt  before  you  the  grounds  on  which  I  haye  arrived  at  an  opposite 

oondusion.     I  will  call  your  attention  to  other  borings  besides 

tliose  at  Yarmouth  and    Norwich,    mentioned  in  my  last  paper. 

First  to  that  at  Kentish  Town,  London,  which  is  described  by  Mr. 

Prestwich  (Quart.  Joam.  Geol.  Soc,  February,  1856,  and  in  his 

Beport  ''  On  the  Probability  of  finding  Coal  in  the  South  of 

England,"   Yol.   I,  page  149,  Coal  Commission).      In   1854>5, 

he  says,  a  boring  was  made  on  the  north  side  of  London  in  search 

of  water  throngh  the  Tertiary  strata  and  the  Chalk  to  a  depth  of 

1,302  feet.     Instead  of  meeting,  as  was  expected,  with  the  Lower 

Oreensand,  which  crops  out  from  under  the  Gault,  both  to   the 

north  and    to    the  south  of    London,    certain   red  sandstones. 
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probably  of  the  PalaBOZoic  age,  were  met  with.     The  following 
section  was  thus  obtained : — 

Well  Shaft  and  Boring  at  Kentish  Town. 
Surface  gronnd,  180  feet  abore  the  sea  level. 

FT. 

TArfiamr  i  London  Clay 286 

±emary . .         . .  j  g^^^^  ^^^  Mottled  Clay..       88^ 

i  Chalk  and  Chalk  MarU .  645 

Secondary        ..,  <  Upper  Greensand         . .  14 

I  Gaiilt 180 

PalaBOzoic        ••     Red  and  grey  sandstones  188 

1,802 

As  there  is  a  difference  of  opinion  respecting  the  age  of  the  red 
and  grey  sandstones,  and  it  is  desirable  to  avoid  whatever  may  be 
considered  doubtfiil  or  conjectural,  I  will  pass  on  next  to  the 
boring  at  Harwich,  where  there  can  be  no  doubt  the  Palaeozoic 
rocks  were  reached  at  the  depth  of  1,025  feet  beneath  the  sea 
level.  We  are  indebted  to  Mr.  Prestwich  also  for  an  elaborate 
account  of  this  boring  (Quart.  Journ.  Geol.  Soc,  December, 
1857,  and  Coal  Commission,  idem). 

Section  of  Well  Boring  at  Harvrich. 

FT. 

r  Earth  and  gravel   . .  . .  , .  25 

Tertiary  ...^  London  Clay  ..  ..  ..  23 

( Sands,  shingle,  and  Mottled  Clay. .  28^ 

rChalk         ..  ..  ..         ..888 

Secondary         . .  <  Upper  Greensand  . .         *. .  , .  22 

(Gault  89 

PalsBozoic         .  •    Dark  slaty  rock      • .         . ,         « .  44^ 

1,070 

After  passing  through  the  Chalk,  and  finding  the  Upper 
Greensand  well  marked  and  in  regular  order,  and  then  the  Gault, 
but  in  diminished  thickness,  the  workmen  came,  at  the  depth  of 
1,025  feet,  to  a  mass  of  strata  denoted  as  a  black  slaty  rock.  The 
specimens  brought  up  by  the  boring  tools  consisted  of  cylinders 
about  three  inches  in  diameter,  which  break  so  as  to  show  the  lines 
of  bedding  or  of  cleavage,  or  possibly  of  both.  Allowing  for  the 
smallness  of  the  specimens  and  the  difficulty  of  very  exact  deter- 
mination, it  seems  probable  that  these  two  planes  may  possibly  be 
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one  of  dip,  about  55%  and  the  other  a  rongh  cleayage  plane  of 
aboat  84°  to  the  horizon. 

•*  Of  the  direction  of  the  dip,"  Mr.  Prestwich  says,  "  I  have  no 
evidence.  The  oyerljing  beds  themselves  have  not  an  unim- 
portant dip  of  about  9°  southward."  This  is,  no  doubt,  of  great 
importance,  because,  on  the  principle  laid  down  by  William 
Hopkins,  this  slight  dip  of  the  upper  beds  is  an  indication  of  the 
direction,  if  not  of  the  amount,  of  the  dip,  also  of  the  Palsaozoic 
rocks. 

The  fact  that  the  Harwich  boring  did  reach  these  rocks  was 
eonfirmed  by  the'  discovery  of  the  impression  of  a  Poaidonomya 
upon  a  specimen  of  the  slaty  rock  brought  up  at  the  depth  of 
1,050  feet. 

I  will  next  call  your  attention  to  a  boring  at  Calais  which  fur- 
mshed  similar  results. 

Section  of  the  Boring  at  Calais. 


PT. 

Sands  and  Oravel  •  • 

80 

Tertiary  Strata 

161 

Chalk  and  Chalk-Marl 

762 

Upper  Greensand  ?                 . . 

8 

Gault?     ... 

26 

Carboniferous  Strata 

106 

1,188 

It  appears,  therefore,  that  under  the  central  part  of  the  London 
Tertiary  area,  and  extending  into  France  at  Calais,  there  is  a  tract 
or  ridge  of  the  older  rocks,  which  immediately  underlies  the  Chalk 
and  the  Gault;  and  on  different  parts  of  this  tract  the  wells  of 
Harwich  and  Calais,  and  most  probably  that  of  Kentish  Town  also, 
bave  touched. 

A  question  then  arises,  what  is  the  nature  and  quality  of  the 
coal  reached  at  Calais  ?  It  is  admitted  on  all  hands  to  be  identical 
with  that  of  Belgium,  and  the  objection  raised  by  Sir  Roderick 
Murchison  that  it  thinned  out  as  it  ranged  from  Belgium  to 
England,  is  satisfactorily  removed  by  Mr.  Prestwich,  who  has 
shown  that  the  thinning  out  is  the  effect  of  denudation,  and  affords 
no  proof  of  any  deterioration  or  dying  out  of  the  measures,  or 
approach  to  old  shore  lines. 
Another  question  arises  as  to  the  course  which  the  Coal  Measures 
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take  from  France  and  Belgium  to  SomerBetsbire,  or,  in  other 
words,  the  direction  of  the  great  anticlinal  from  the  Ardennes  to 
the  Mendips. 

In  reply  to  this  question  Mr.  Gk)dwin-Austen,  has  recourse  to 
the  soundest  principle  by  which  unseen  and  hidden  subterranean 
moTcments  can  be  determined.  He  states  that  a  good  many  years 
ago,  at  the  meeting  of  the  British  Association  at  Southampton, 
Mr.  Hopkins,  who  had  attended  a  great  deal  to  that  subject,  then 
remarked  that  he  thought  it  was  a  generalization  in  which  he  (Mr. 
Godwin- Austen)  was  justified,  that  **  every  disturbance  has  been 
upon  the  line  of  a  previous  disturbance,  and  that  it  has  always  gone 
in  the  same  direction  ;  there  was  upheaval  where  there  was  upheaval 
before,  and  depression  where  there  was  depression  before"  (Goal 
Commission,  Vol.  II.,  page  431),  and  in  the  preceding  page  he 
states  that  "  engineers  are  now  quite  satisfied  that  surface  features 
are  guides  to  what  long  antecedently  has  taken  place  below  ;  and 
the  reason  is  this,  that  the  original  set  of  disturbances  which 
affected  the  old  Palaeozoic  strata  have  always  been  the  line  of 
subsequent  disturbance,  and  are  actually  the  hinges,  as  it  were, 
upon  which  these  rock  masses  have  moved  since  ;  and  these  rocks 
record  these  original  physical  lines  in  the  disturbances  which  have 
taken  place  since.'* 

Taking  this  principle  for  his  guide,  Mr.  Godwin-Austen  traces  the 
line  of  the  Franco-Belgian  Coal  Measures  along  the  valleys  of  the 
Thames  and  the  Kennet,  and  keeping  the  results  of  the  borings 
at  Calais  and  Harwich  in  view,  he  arrives  at  the  following  conclu- 
sions (Coal  Commission,  Vol.  II.,  page  432)  : — **  At  Harwich  you 
have  most  certainly  a  low  part  of  the  true  Carboniferous  Series,  and 
that  adds  considerable  weight  to  the  consideration  that  a  produc- 
tive coal-bed  may  occur  in  the  south-east  portions  of  this  country. 
I  have  no  doubt  that  between  Harwich,  where  you  have  this 
Posidonomya-schiefer  Series,  and  our  north  Wealden  escarpment, 
which  here  represents  the  Boulonnais  escarpment,  and  both  which 
are  in  strict  parallelism  with  the  strike  of  the  old  Palseozoic  rocks, 
the  whole  of  that  area  which  underlies  the  Chalk  is  Palaeozoic  of 
different  ages,  from  one  part  to  another ;  and  the  only  question  is 
in  what  part  is  it  Carboniferous.  In  Belgium,  upon  the  meridian 
of  Mons,  rocks  much  older  come  hard  upon  the  coal-basin  of  the 
south  ;  but  we  also  see  all  the  members  of  the  Carboniferous  Lime- 
stone series  spreading  out  west;    and  this  identification  of  the 
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PosidoDomja-schiefer  at   Harwich  is  in  exact  conformity  with  the 
line  upon  which  you  woald  place  it ;  it  is  the  very  position  where 
yon  would  expect  some  part  of  the  Lower  Coal  Measures  to  exist 
from  the  geological  structure  of   central    England,   and    North 
Belgium,  and  Westphalia.      If  such  is   the  case,   it  is  almost 
impossible   to  resist  the  impression  that  in   some   intermediate 
position,  as  along  the  line  of  the  Thames  Valley,  you  haye  a  con- 
tinuation of  the  Belgian  and  French  coal-basin,  passing  along  in  a 
'Western  direction  ;  I  mean  that  you  hare  an  extension  of  the  coal- 
£eld  of  the  Pas  de  Calais.     If  I  haye  rightly  restored  these  con- 
ditions conjee turally,  the  coal  beds  would  occur  beneath  our  area 
to  the  north  of  the  Kentish  Chalk  range,  extending  out  here  in  a 
'Westward  direction,  and  the  productive  beds  would  thicken  in  the 
<x>nnty  of  Kent,  that  line  representing  the  strike  of  the  supposed 
43oal  basin.     Were  I  a  Kentish  or  Essex  landowner,  I  should  be 
^ery  much  disposed  to  sink  along  a  line  parallel  to  the  Chalk 
escarpment  of  Kent  to  the  north  east  of  it." 

It  would  be  a  matter  of  surprise  to  me,  and  of  extreme  regret  if 

the  opinion  of  so  distinguished  a  geologist  as  Mr.  Godwin- Austen, 

'who  has  deyoted  himself  so  many  years  to  the  subject,  were  not 

«oted  upon.     It  is  true  that  his  yiews  have  not  been  unanimously 

Bupported  by  scientific  men,  and  that  objections  haye  been  raised 

by  one  no  less  eminent  than  the  late  Sir  Roderick  Murchison,  but 

Ihey  can  scarcely  be  said  to  be  adverse  since  they  amount  merely  to 

a  question  as  to  the  thickness  of  the  seams  and  the  quantity,  and 

not  to  the  existence  of  coal  on  this  side  of  the  French  coast,  and 

they  have  been  satisfactorily  replied  to  by  Mr.  Prestwich  in  his 

report  on  the  Coal  Commission  as  above  mentioned. 

I  am  convinced  of  the  soundness  of  Mr.  Godwin- Austen's  views, 
and,  therefore,  in  recommending  an  experimental  boring  for  coal  in 
the  Eastern  Counties,  I  give  the  preference  to  South  Essex  over 
Hunstanton  and  the  outcrop  of  the  Kimmeridge  Clay ;  but  at  the 
same  time  I  am  so  strongly  impressed  with  the  probability  of  finding 
coal  at  the  above  localities  that  I  will  proceed  to  state  the  reasons 
why  I  should  recommend  a  boring  there  also. 

The  subject  will,  I  think,  be  rendered  most  intelligible  if  I  trace 
Uie  progress  of  my  inquiries  from  the  commencement  to  the  present 
time.  I  began  to  break  the  ground  at  the  meeting  of  the  British 
Association  at  Nottingham  in  1866.  The  following  is  a  brief 
abdaract  from  the  *'Athen»um"  of  September  8th,  1866,  of  a 


40  J.  GUNN  OH  THE  PROBABILITY  OF  FINDING  COAL 

paper  read  by  me  "  On  the  Anglo- Belgian  basin  of  the  Forest- 
bed  of  Norfolk  and  Suffolk,  and  the  union  of  England  with 
the  Continent  during  the  Glacial  period:" — "A  question  of 
the  greatest  importance  had  been  raised  by  Mr.  Godwin-Austen 
with  reference  to  the  extension  of  the  Belgian  Goal  Measures 
into  this  country.  It  was  evident  that,  at  the  close  of  the 
Mesozoic  period,  the  continuous  ranges  of  Chalk  in  Belgium, 
France,  and  England  formed  a  basin  in  which  Tertiaries  were 
deposited.  The  writer  of  the  paper,  after  researches  carried 
on  for  upwards  of  thirty  years,  had  come  to  the  conclusion 
that  the  Forest-bed  was  the  estuarine  deposit  of  some  *  g^at  river  ' 
or  rivers  flowing  westward,  closed  on  the  south  by  a  ridge  of  Chalk 
hills  and  open  to  the  sea  on  the  north,  as  was  proved  by  the  mix- 
ture of  the  bones  of  whales  with  those  of  land  animals  ;  and  that 
such  ancient  river  or  rivers  were  now  represented  by  the  seyeral 
rivers  flowing  into  the  German  Ocean  between  the  mouths  of  the 
Scheldt  and  the  Rhine.  Thus  there  might  be  said  to  be  on  the 
English  coast  the  remains  of  an  estuary  without  a  river,  and  on  the 
Belgian  side  of  a  river  or  rivers  without  an  estuary.  After 
describing  the  deposits  of  the  elephantine  and  other  remains,  which 
indicated  an  immense  period  of  time,  and  several  alternations  of 
levels,  the  reverend  gentleman  stated  his  impression  that  the 
Forest-bed  and  the  Crag-series  could  only  be  studied  with  advan- 
tage in  connection  with  and  as  part  of  the  corresponding  beds  of 
the  Continent.  A  very  animated  and  rather  lengthy  discussion 
arose  upon  the  questions  raised  in  this  paper.  The  President  said 
he  began  to  strongly  suspect  that  even  the  valley  of  the  Thames 
might  be  filled  with  Glacial  Drift,  showing  that  it  was  submerged 
during  the  Glacial  period.*' 

Such  is  a  sketch  of  my  attempt  to  describe  the  Anglo-Belgian 
basin  and  the  changes  of  levels  incident  to  it.  Judge,  then,  of  my 
surprise  on  reading  a  paper  by  Sir  Roderick  Murchison  at  the  same 
meeting  to  find  that  Norfolk  and  Suffolk,  the  site  of  the  Forest- 
bed,  were  included  within  the  tracts  in  which  "  no  productive  coal 
could  reasonably  be  looked  for." 

Fully  impressed  with  the  soundness  of  the  axiom  respecting  the 
repetition  of  subterranean  disturbances  on  the  same  spot,  and  of 
its  applicability  to  the  Anglo- Belgian  basin,  I  read  another  paper 
at  the  meeting  of  the  British  Association  at  Brighton,  the  purport 
of  which  was  to  show  that  the  site  of  that  basin  had  been  alternately . 
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dry  land  and  water,  and  had  been  occupied  by  a  snccession  of  them 
from  the  earliest  times.  In  support  of  the  existence  of  this  basin, 
I  referred  to  the  correspondence  of  the  strata  on  both  sides  of  the 
estuary,  and  I  stated  that  the  old  Forest  grew  upon  the  estuarine 
soil  when  it  was  upraised,  and  when  it  went  down  the  denudation  of 
the  Forest  commenced,  and  patches  of  lignite  were  left.  One  of  these 
was  noticed  by  Mr.  Henry  Woodward,  F.R.S.,  in  an  excursion  with 
me  to  Happisburgh,  who  observed  that  such  lignite  would,  under 
favourable  conditions,  be  converted  into  coal.  I  mentioned  this  as 
a  repetition  of  what  has  taken  place,  and  there  can  be  little  doubt 
did  take  place  during  the  Carboniferous  epoch  in  a  similar  basin. 

Beneath  the  Forest-bed,  it  may  be  proved,  the  Chalk  and 
other  members  of  the  Cretaceous  series  successively  have  been 
deposited  in  the  same  basin,  but  more  extended.  Again, 
it,  or  the  margin  of  it,  was  occupied  by  Paleozoic  rocks,  including 
the  Posidonomya-bed  of  the  Carboniferous  Limestone  at  Harwich. 
Sir  Roderick  Murchison  contended  that,  because  the  coal  seams 
thin  out,  as  he  erroneously  termed  it,  near  the  Pas  de  Calais,  that, 
therefore,  they  cannot  be  productive  of  good  coals  on  this  side  of  the 
water.  He  was  impressed  with  the  idea  of  the  continuity  of  the 
older  rocks  and  the  dying  out  of  the  coal  seams,  and  overlooked 
the  probability  of  coal-bearing  basins  intervening  between  the  two 
countries.  That  a  basin  exists  and  has  existed  since  the  period  of 
the  Carboniferous  Limestone,  and  has  been  subject  to  repeated 
elevations  and  depressions,  cannot  be  questioned.  Arguing  by 
analogy,  Mr.  Gunn  observed  it  appeared  highly  probable  that  such 
was  the  case  when  the  Harwich  slaty  limestone  might  have  formed 
one  of  the  sides  of  the  basin.  It  appeared,  therefore,  taking  all 
these  facts  into  consideration,  that  Norfolk  and  Suffolk  should  be 
excepted  from  '^  the  tracts  of  land  in  which  no  productive  beds  of 
coal  can  reasonably  be  looked  for." 

On  sending  this  paper  in,  I  had  begged  the  attention  of  the 
members  to  it,  and  I  felt  grateful  both  to  those  who  opposed  and  to 
those  who  supported  my  opinions. 

In  a  lengthened  discussion.  Professor  Hull  most  decidedly  ex- 
pressed his  opinion  that  no  coal  could  be  expected  to  be  found  in 
NcHrfolk  and  Suffoll^  and  he  stated  that  there  was  little 
doubt  that  the  Harwich  Carboniferous  Shales  were  to  be  looked 
for  towards  the  south,  and  not  in  the  direction  of  Norfolk, 
over    which    district    he    affirmed    there    had    extended  from 
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Scandinavia,  a  tract  of  barren  Palasozoic  rocks,  which  wonld  not 
have  admitted  of  coal-growth.  Professor  Phillips  also  most  de- 
cidedly discouraged  anj  attempt  to  bore  for  coal  in  Norfolk,  bnt 
said  that  no  one  knew  the  direction  of  the  dip  of  the  Harwich  slaty 
rock,  and  that  he  did  not  coincide  with  Professor  Hull  as  to  the 
extent  of  the  Palieozoic  unproductive  rock.  The  President  of  the 
section,  Mr.  Gk)dwin*Austen,  observed,  *^  as  to  the  probabilities 
of 'finding  coal  north  of  the  axis  of  disturbance,  he  would  mention 
that  it  was  there  in  that  direction  that  all  the  coal-fields  lay.  The 
question  of  the  overlying  Secondary  rocks,  as  at  Hunstanton,  was 
no  argument  against  the  extension  of  the  Goal  Measures.  With 
regard  to  what  Professor  Hull  had  said  concerning  the  dry  land 
area  of  Scandinavia,  and  the  Eastern  Counties,  he  could  not  al- 
together assent  to  it.  ..  If  the  Norfolk  people  desired  to  have  a 
boring,  they  ought  not  to  discourage  them.  Everything  depended 
upon  the  ancient  physical  geography  of  the  area  ...  He  thought 
it  possible  there  might  be  a  continuity  between  the  central  coal- 
fields and  East  AngHa :  one  thing  he  was  thoroughly  convinced 
of,  that  at  no  distant  period  considerable  areas  of  coal  would  be 
worked  under  the  Secondary  strata." 

Mr.  Seeley  made  a  very  telling  and  important  statement,  which 
was  opposed  to  Professor  Hull's  sweeping  assertions  that  no  Coal- 
growth  could  have  taken  place  in  Norfolk,  namely,  that  pebbles  of 
Primary  irocks  were  found  in  the  Secondary  strata  of  Norfolk. 
This  indicated  that  the  ancient  surface  had  been  denuded,  so  as 
to  lessen  the  chances  of  finding  Coal,  but  it  rather  affirmed  that 
Coal  had  originally  been  deposited  there. 

Several  years  before  reading  this  paper  at  Brighton,  I  had 
noticed  the  inclined  plane  of  the  Chalk  in  Norfolk,  upon  which  the 
several  beds  of  the  Forest  and  the  Crags,  and  the  Chillesford  Sands 
and  Clays,  had  been  transgressivoly  laid  down,  and  upon  which  the 
Mastodon  arvemensis,  Elephas  meridionaliSf  E,  antiqutis,  and  other 
mammals  had  lived  in  succession ;  and  my  former  paper  was 
accompanied  with  a  diagram,  which  I  had  prepared  for  and  had 
exhibited  at  the  meeting  of  the  British  Association  at  Norwich. 
But  it  was  only  recently  that  I  became  aware  of  the  important 
bearing  which  this  upheaval  of  the  Chalk  had  on  the  prospect  of 
finding  coal  in  Norfolk  at  a  workable  depth.  In  consequence  of 
this  conviction,  I  sent  a  paper  to  the  meeting  at  Bradford,  the 
object  of  which  was  to  show  that  the  Coal-Measures,  if  they  existed 
at  Lynn  (for  I  traced  the  dip  of  the  Chalk  from  that  place  to 
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Yarmouth),  Had  been  brought  at  Lynn  nearer  to  the  surface  by 
the  amount  of  the  upheaval. 

This  is  not  a  matter  of  conjecture  or  of  theory,  but  of  fact  and 
demonstration ;  and  a  more  important  fact  in  an  economical  as  well 
as  geological  point  of  yiew  can  scarcely  be  conceiyed.  The  result  of 
this  is  that  if  the  Coal  Measures  at  Hanstanton,  or  anywhere  near 
the  outcrop  of  the  Eimmeridge  Clay,  were  as  deep  as  they  have 
been  calculated  to  be  in  Lincolushire,  viz.  2,700  feet,  they  have 
actually  been  brought  nearer  to  the  surface  by  about  1,700  feet, 
and  would  be  within  a  workable  depth.  It  appears  to  me  from 
Professor  Phillips'  remarks,  that  he  did  not  so  much  found  his 
objection  to  the  contemplated  boring  at  Hunstanton  upon  the 
presumed  absence  as  upon  the  depth  of  coal  there,  and,  therefore, 
I  may  hope  for  the  concurrence  of  that  veteran  geologist. 

Again,  another  most  important  result  is  that  this  upheaval  of 
the  Chalk  afifords  a  complete  refutation  of  Professor  Hull's  asser- 
tion, that  the  Eastern  Counties  were  covered  by  Palaeozoic  barren 
rocks  during  the  Carboniferous  epoch,  from  which  no  ooal  growth 
could  be  expected.  He  (Mr.  Hull)  arrived  at  this  conclusion  by 
observing  that  the  dip  of  the  Harwich  slaty  rocks  was  most 
probably  to  the  south,  and  if  so,  he  concluded  that  these  old 
rocks  rose  to  the  north,  and  were  incapable  of  coal  growth. 
Now  it  is  proved  by  the  boring  at  Norwich  that  the  Palaeozoic 
rock  must  be  upwards  of  100  feet  lower  than  at  Harwich, 
and  the  Gault  was  not  pierced  when  the  boring  reached  1,182  feet, 
consequently  the  old  rocks  at  Norwich  would  have  been  much 
lower  than  at  Harwich,  instead  of  rising,  as  Professor  Hull 
supposes,  so  as  to  form  a  high  and  dry  surface  upon  which  no  coal 
growth  could  have  taken  place.  Perhaps  this  difficulty  may  be 
Bolved  by  supposing  that  there  was  another  anticlinal  ridge 
parallel  to  the  Thames,  of  which  the  Harwich  rocks  formed  a  part, 
and  so  the  dip  to  the  south  might  be  accounted  for,. and  also  to  the 
north,  forming  a  margin  to  the  basin  on  the  other  side,  which  I 
have  inferred  by  analogy  to  have  existed  from  time  to  time. 

Another  very  interesting  result  is  that  the  Palaeozoic  rocks  have 
at  times  been  raised  above  the  horizon,  and  at  other  times  depressed 
in  accordance  with  the  alternations  of  level,  which  we  have  noticed, 
and  being  covered  with  only  a  slight  envelope  as  it  were  of 
Secondary  and  Tertiary  strata,  would  have  been  acted  upon  by  sub- 
terranean movements  which  have  repeatedly  taken  place.  This  is  just 
what  appears  to  have  been  the  case,  judging  by  the  frequency  of 
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small  faults  in  tbe  Crags  and  the  diGmption  and  the  displacement  of 
the  Chalk  and  contortion  of  the  sand  and  clay.  These,  I  am  per- 
suaded, from  personal  obserration  of  similar  contortions  at  Corfn, 
in  the  Eifel  diBtrict,  and  in  Bavoy,  are  not  altogether  to  be 
attributed  to  ice  action,  but  are  due  to  Bubterrauean  movements 
aeu  die  lorface.  I  hoped  to  have  been  prepared  with  sections  to 
proTo  the  point,  and  I  trust  I  may  be  jiormitlmi  to  -ubmit  thom  to 
the  QeologiBts*  AaiooUtion  at  some  fitturo  timi.'.  la  tlii!  mLMiuwliilc, 
A8  I  am  suggesting  nliat  is  at  rariaoefi  wttb  the  received  opinions 
of  some,  anil.bafg^jKit.fiiitered-iuto.UuMoaf 'iI'Viors  nil  T««n  »M»Hi«*    - 
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r._(,...oo  iruure.  FrofesGor  Hull  has  rendered  good 
■errioe  by  obseiring  the  gradnal  thinning  out  of  the  Secondary 
strata  in  their  progress  eastward  ;  but  the  same  story  is  told  with 
infallible  certainty  by  obserration  of  the  dying  oat  of  beds  as  they 
approach  to  higher  land  or  a  shore  line,  and  the  presence  of  higher 
land  may  be  inferred  by  the  thinning  ont  of  the  aqueous  deposit. 

In  conclasion,  I  mnst  apologize  for  so  often  referring  to  my  own 
works,  bat  I  am  glad  to  do  so  in  self-defence  in  order  to  prove  that 
I  have  not  taken  npon  myself  to  recommend  a  boring  for  coal  in 
the  region  of  the  Forest- bed  rashly  and  without  much  consideration ; 
and  also  I  hope  I  have  been  enabled  to  make  a  complex  subject 
more  intelligible  by  showing  how,  step  by  step,  I  have  advanced  in 
search  of  coal ;  and,  I  trust,  I  may  be  still  further  allowed  to  avail 
myself  of  the  indulgence  of  the  Geologists'  Association  to  promote 
the  object  I  hare  in  view. 
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2.   Thb  Qsoloot  or  the  Nottingham  Distbiot. — Part  I. 
By  THX  Rbv.  Alszakdbb  Irvinq,  B.A.,  B.Bc,  F.G.S.^  <&c. 

The  district  which  lies  around  Nottingham,  and  occupies  the 
Bouthem  half  of  the  county  of  Nottinghamshire,  is  one  which, 
though  devoid  of  much  palseontological  interest,  is  yet  hy  no 
means  uninteresting  in  other  respects;  presenting,  as  it  does, 
many  questions  of  physical  geology,  and  especially  stratigraphical 
evidence  as  lo  the  relation  of  the  rocks  which  occupy  the  border- 
land between  the  Palseozoic  and  Mesozoic  epochs.  If  therefore 
the  following  paper  deals  at  all  competently  with  the  subject,  it 
may  not  be  altogether  unworthy  of  perusal. 

A  glance  at  a  geological  map  of  England  will  show  anyone  that, 
within  a  short  distance  of  Nottingham,  are  to  be  found  Goal 
Measures  with  Permian,  Bunter,  Keuper,  and  Lias  rocks.  The 
general  lie  and  position  of  these  formations  may  be  readily  seen  from 
the  accompanying  figure  (Fig.  1), in  which,  however,  the  actual  dip  is 
somewhat  exaggerated.  I  propose  to  take  the  several  formations 
singly,  and  describe,  to  some  extent,  their  lithological  characters  and 
economic  importance,  together  with  the  physical  geography  of  the 
country  occupied  by  each  ;  noticing,  to  the  best  of  my  power,  any 
questions  of  general  geologic  interest  on  which  the  phenomena  here 
presented  may  seem  to  bear. 

COAL  MEASURES. 

One  of  the  most  important  coal-fields  in  England  is  that  which 
occupies  a  great  part  of  the  counties  of  Yorkshire,  Derbyshire,  and 
Nottinghamshire.  Extensive,  however,  as  it  is,  it  forms  but  a 
portion  of  the  great  coal -area  in  which  it  was  originally  deposited. 
The  identity  of  its  coal-seams  with  those  of  Lancashire,  and  the 
conformability  of  the  coal  strata  to  the  Lower  Carboniferous  rocks 
on  both  sides  of  the  Pennine  axis  of  upheaval,  point  conchisively 
to  the  former  continuity  of  the  Coal  Measures  over  the  Carboniferoas 
Limestone,  Yoredale  Series,  and  Millstone  Grit  of  the  present 
Pennine  chain  of  hills.  All  these  have  long  since  been  thrown  up 
into  an  anticlinal,  so  as  to  bring,  by  fracture  and  denudation,  the 
Carboniferous  Limestone,  in  many  parts,  to  the  surface  ;  one  result 
of  these  processes  being  presented  to  us  the  well-known  dales 
and  escarpments  which  add  so  much  to  the  picturesqueness  of  the 
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The  district  whicH  lies  aronnd  Nottingham,  and  occupies  the 
Mmthem  half  of  the  conntj  of  Nottinghamshire,  is  one  which, 
though  devoid  of  much  palseontological  interest,  is  yet  by  no 
mesnB  uninteresting  in  other  respects;  presenting,  as  it  docs, 
many  qnestions  of  physical  geology,  and  especially  stratigraphical 
eridence  as  lo  the  relation  of  the  rocks  which  occupy  the  border- 
Umd  between  the  Palaeozoic  and  Mesozoic  epochs.  If  therefore 
the  following  paper  deals  at  all  competently  with  the  subject,  it 
may  not  be  altogether  unworthy  of  perusal. 

A  glance  at  a  geological  map  of  England  will  show  anyone  that, 
within  a  short  distance  of  Nottingham,  are  to  be  found  Goal 
Measures  with  Permian,  Banter,  Keuper,  and  Lias  rocks.  The 
general  lie  and  position  of  these  formations  may  be  readily  seen  from 
the  accompanying  figure  (Fig.  l),in  which,  however,  the  actual  dip  is 
somewhat  exaggerated.  I  propose  to  take  the  several  formations 
singly,  and  describe,  to  some  extent,  their  lithological  characters  and 
economic  importance,  together  with  the  physical  geography  of  the 
country  occupied  by  each  ;  noticing,  to  the  best  of  my  power,  any 
questions  of  general  geologic  interest  on  which  the  phenomena  here 
presented  may  seem  to  bear. 

COAL  MEASURES. 

One  of  the  most  important  coal-fields  in  England  is  that  which 
occupies  a  great  part  of  the  counties  of  Yorkshire,  Derbyshire,  and 
Nottinghamshire.  Extensive,  however,  as  it  is,  it  forms  but  a 
portion  of  the  great  coal -area  in  which  it  was  originally  deposited. 
The  identity  of  its  coal-seams  with  those  of  Lancashire,  and  the 
conformability  of  the  coal  strata  to  the  Lower  Carboniferous  rocks 
on  both  sides  of  the  Pennine  axis  of  upheaval,  point  conclusively 
to  the  former  continuity  of  the  Coal  Measures  over  the  Carboniferous 
Limestone,  Yoredale  Series,  and  Millstone  Grit  of  the  present 
Pennine  chain  of  hills.  All  these  have  long  since  been  thrown  up 
into  an  anticlinal,  so  as  to  bring,  by  fracture  and  denudation,  the 
Carboniferous  Limestone,  in  many  parts,  to  the  surface ;  one  result 
of  these  processes  being  presented  to  us  the  well-known  dales 
and  escarpments  which  add  so  much  to  the  picturesqueness  of  the 
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Derbyshire  scenery.  While  the  Millstone  Grit  and  some  of  the 
Yoredale  sandstones,  by  their  greater  power  of  resistance,  have 
stood  ont  in  bold  escarpments,  the  Coal  Measures,  being  composed 
generally  of  less  rigid  material,  have  suffered  to  a  greater  extent 
from  denudation.  In  consequence  of  this,  the  valley  of  the  Erewash — 
the  boundary  stream  between  Nottinghamshire  and  Derbyshire — ^has 
been  formed.  On  the  western  side  of  this  valley  the  Millstone  Grit 
is  found  dipping  eastward  beneath  the  Coal  Measures ;  on  the  eastern 
side  of  the  river  the  surface  of  the  ground  gradually  ascends  until 
the  Penman  escarpment  is  reached  This,  of  course,  commands  a 
wide  view  of  the  Nottinghamshire  and  Derbyshire  coal-field,  from 
the  Trent  Valley  on  the  south  to  Dkeston  and  Chesterfield  north- 
ward. The  Coal  Measures,  bypassing  under  the  Magnesian  Lime- 
stone, disappear  from  the  surface. 

The  seams  of  any  economic  value  at  present,  which  crop  out  in 
ibis  valley,  are  seven  in  number : — 

1.— The  "Top- hard'' coal.  5.— The  "Three-quarter"  coal. 

2.— The  "  Waterloo "  coal.  6.— The  "  Clod"  coal. 

3.— The  "Deep-soft  "  coal.  7.— The  "  Kilbum"  coal. 
4.— The  "  Deep-hard  "  coal. 

These,  of  course,  are  local  names,  by  which  the  seams  are  known 
to  persons  engaged  in  mining  operations  in  the  district.  I  am  not 
aware  that  the  names  are  generally  used:  indeed,  one  of  the  most 
important  seams — the  Top-hard — is  known  in  Yorkshire,  I  believe, 
as  the  "  Bamsley "  coal.  Below  the  Kilbum  is  a  series  of  com- 
paratively worthless  seams,  which,  with  their  associated  sandstones 
and  shales,  are  known  as  the  "  Canister  Beds."  This  basin  appears 
to  have  been  part  of  a  great  coal-area,  extending  originally  from 
the  old  land  of  Cham  wood  to  the  sourthern  uplands  of  Scotland, 
broken  up  subsequently  into  separate  basins  by  two  east  and  west 
barriers ;  the  one  running,  according  to  Professor  Hull,  across  the 
Pendle  axis  of  elevation,  and  consequently  cutting  off  the  Newcastle 
basin  from  ours ;  the  other,  according  to  the  same  authority, 
extending  from  Denbighshire  beneath  the  Plain  of  Cheshire,  by 
Leek  and  Congleton,  across  the  southern  end  of  the  Mountain 
Limestone  district  of  Derbyshire,  with  a  south-easterly  trend  in  the 
direction  of  Cham  wood.  A  subsequent  upheaval  along  the  Pennine 
axis  cuts  off  the  Nottinghamshire  and  Derby  coal-field  from  that 
of  Lancashire.   Now,  assuming  with  Mr.  Godwin  Austen  and  other 
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eminent  physical  geologists,  that  during  the  Old  Hed  Sandfitone 
and  Carboniferous  periods,  the  Palaeozoic  country  of  Wales  was  con- 
nected by  a  "  barrier/'  running  somewhere  across  England  by  the 
Longmynd  and  Chamwood,  with  an  old  land  surface  which  extended 
over  what  is  now  a  great  part  of  the  German  Ocean  in  the  direction 
of  Scandinavia — ^have  we  any  indications  of  the  limits  of  the  exten- 
sion of  such  an  old  continental  tract  in  a  north-westerly  direction  ? 
Professor  Hull  has  indicated,  on  a  map  constructed  to  illustrate  his 
work  <*  The  Coal-fields  of  Great  Britain,"  that  the  limit  of  the 
estuarine  aresr— or,  in  other  words,  the  shore-line  of  the  old  land 
we  are  now  considering-^was  in  a  curve  drawn  from  Chamwood 
to  the  Humber,  so  as  to  include  Newark  and  Lincoln  ;  but  is  this 
anything  more  than  conjecture  ?  That  the  Coal  Measures  pass  a 
long  way  beneath  the  Permian  and  Triassic  rocks  is  pretty  certain. 
Do  they,  however,  thin  out  as  they  proceed  eastward  ?  or  do  they 
curve  upwards  again,  so  as  to  form  a  synclinal  basin,'  and  be  found 
at  a  workable  depth  on  the  borders  of  Lincolnshire?  Mining 
engineers  have  detected  sufficient  diminution  in  the  general  dip  of 
the  coal  strata,  going  east  from  the  Erewash  Valley,  to  warrant 
expenditure  of  money  upon  a  "  boring "  near  Newark.  Should 
the  Coal  Measures  be  found  there  at  a  depth  which  can  be 
approximately  estimated  from  the  known  thickness  of  the  Triassic 
and  Permian  strata,  we  shall  of  course  bo  furnished  with  some 
definite  data  for  forming  a  judgment  upon  the  extension  of  the 
coal-basin  in  that  dii'ection  ;  but  should  they  pass  from  the 
Permian  or  Bunter  rocks  into  rocks  of  earlier  Palseozoic  times  than 
the  Coal  Measures,  we  may  infer  with  confidence  the  thinning  oat 
of  the  latter  strata  somewhere  to  the  west  of  Newark.  There  is 
yet  a  third  question,  and,  on  a  broad  view,  perhaps  the  most 
interesting  of  alU  Professor  Hull  states,*  on  the  authority  of  Mr. 
Howell,  of  H.M.  Geological  Survey,  that  the  axis  of  the  elongated 
basin  in  which  these  coal-strata  lie,  is  represented  by  a  line  running 
north-west  and  south-east,  through  Bradford  and  Worksop  ;  and 
this  is  corroborated  by  the  ascertained  thickness  of  the  Upper  Coal 
Measures  at  the  Shire-oak  Colliery,  near  Worksop.  The  pit  was 
sunk  by  the  Duke  of  Newcastle  in  1859,  and  a  description  of  it 
was  given  in  a  paper  read  before  the  Geological  Society,  and 
published  in  Vol.  xvi.  of  the  "  Quarterly  Journal.*'     After  passing 

•  ProfeMor  Hull :  "  Permian  and  Triaasio  Books  of  the  Midland  Conntiai." 
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Uiroagh    207   feet    of  Pennian  strata  the   Goal   Measures  were 
entered : — 

1. — Upper  Coal  Measures  to  the  '* Top-hard" 
or  ^'Bamslej"  coal,  including  numerous 
sets  of  beds  of  shale,  sandstone,  and  inferior 
coal    (the     **  Rotherham    Rock "    being     Feet. 

there  66  yards  in  thickness) 1300 

2. — Estimated  thickness  below  the  "  Top-hard  " 

seam 2000 

8300 

This   gives   us  the  thickness  along  the  axis  of  our  conjectural 
sjnclinal  basin.     On  referring  to  the  map  it  will  be  seen  that,  if 
the  line,  imagined  to  pass  through  Bradford  and  Worksop,   be 
continued  to  the  south-east,  it  passes  very  near  Newark.     Who 
can  say,  then,  that  some  1 ,300  feet  of  Upper  Coal  Measures  may 
not  be  pierced  before  the  Top-hard  seam  is  reached  at  the  latter 
place,  assuming  the  seam  to   extend  so  far  ?     And,  should  this 
prove   to  be  the  case,  who  can  say  how  much  farther   the  Coal 
Measures  may  not  extend  in  the  direction  of  Norfolk?     On  the 
other  hand,  it  must  be  borne  in  mind  that  the  thickness  (3ft.  lOin.) 
of  the  Top-hard  coal  at  Bhire-oak,  as  compared  with  its  known 
thickness  (Cft.)  at  Killamarsh,  at  Wilford,  near  Nottingham,  and 
at  Moorgreen,  in  the  Erewash  Valley,  implies  a  thinning-out  of 
that  seam  to  the  north-east. 

As  we  pass  eastward  along  the  southern  limit  of  the  Nottingham- 
shire coalfield,  the  dip  trends  more  to  the   north.      But,   since 
^hie  is  caused  by  the  great  fault  which  runs  east  and  west,  it  gives  us 
^o  indication  of  the  limits  of  the  coal-strata  to  the  south.   That  coal 
c^tists  at  a  workable  depth  beneath  the  valley  of  the  Trent,  near 
Nottingham,  has  been  proved  at  the  colliery  of  Saul  Isaac,  Esq., 
^^-P.,  at  Wilford.     Here  the  Top-hard  coal  is  met  with  at  a  depth 
^^    70  yards  ;  but  on  the  south  side  of  the  shaft  the  fault  jubt 
'^^ntioned  has  thrown  the  beds  down  another  95  yards.     In  con- 
^quence  of  this  displacement,  at  a  boring  nearer  to  the  village  of 
CMfton  (at  what  is  known  as  the  "  Spinney  bore-hole  "  ),  the  same 
^eam  is  only  reached  at  186  yards.     A  comparison  of  this  boring 
^itb  the  Wilford  shaft  is  the  more  interesting,  because,  in  order  to 
*iccount  for  the  difference  of  21  yards  in  the  depths  at  which  the 
same  seam  is  found  at  the  two  places,  we  must  assume  the  eastward 
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extension  of  the  fault  marked  bypotheticallj  on  the  snirey  map  af 
running  south  of  Bramcote  and  through  the  Tillage  of  Beeston.  By 
the  continuance  of  such  a  fault  between  Wilford  and  Clifton,  the 
difference  of  the  two  borings  just  referred  to  seems  to  be  accounted 
for.  This  fault  has  been  shown,  too,  to  exist  by  two  other  borings 
in  the  same  neighbourhood,  and  both  in  the  Trent  Valley :  the  one 
at  Chilwell ;  the  other  at  Highfield,  on  the  estate  of  E.  J.  Lowe, 
Esq.  At  the  latter  place,  Coal  Measures  were  entered  aftiT 
penetrating  25  feet  of  gravel  and  alluvium,  and,  below  these,  nearly 
100  feet  of  Buiiter  strata.  A  coal-scam  has  been  cut  here  at  a 
depth  of  254  feet.  The  Chilwell  boring,  after  penetrating  to  a 
depth  of  386  yards,  was  abandoned,  owing  to  some  dispute  between 
the  proprietor  and  the  manager.  A  considerable  thickness  of  rock 
(described  in  the  account  furnished  me  as  Keuper)  was  pierced 
below  the  alluvium  of  the  valley,  and  the  Coal  Measures  are  stated 
to  have  been  entered  at  the  depth  of  156  yards.  Deducting  from 
this  ^Ye  yards  of  alluvium,  we  have  left  151  yards  of  Triassic  strata 
to  compare  with  the  thickness  of  the  same  strata  at  Highfield  ;  and 
the  difference  is  such  as  can  only  be  accounted  for  by  the  fault 
above  refeired  to,  which  must  have  a  down-throw  to  the  soutli. 
Four  seams  were  cut  at  the  Chilwell  boring,  of  the  respective 
thicknesses  of  6,  17,  12,  and  9  inches. 

In  dealing  with  a  subject  on  which  so  much  has  been  written  as 
that  of  our  coal-fields,  it  is  difficult  to  say  much  that  is  new 
without  descending  too  much  to  details.  It  is  hoped,  however, 
that  some  little  interest  may  be  found  to  attach  to  the  above. 

llie  recent  high  prices  of  coal  have  proved  a  great  stimulus  to 
the  spirit  of  mining  enterprise  among  capitalists,  and  a  number  of 
new  pits  have  been  sunk  in  consequence  in  the  neighbourhood  of 
Nottingham,  partly  to  meet  the  demands  of  the  manufacturing 
industries  of  the  locality.  The  pits  now  in  workuig  order  within 
ten  miles  of  the  town  are  too  uiany  to  enumerate.  ITie  great 
increase  of  trade,  of  population,  and  of  mineral  traffic  of  late  yenrs 
has  also  created  a  necessity  for  more  railway  accommodation  ;  and 
at  the  present  time  two  new  railways  are  being  constructed  across 
the  coal  country :  one  by  the  Great  North  em  Company,  to  pa^s 
round  by  a  sweep  to  the  north  of  Nottingham,  and  open  up  com- 
munication between  the  mineral  districts  of  Derbyshire  and  the 
Easteni  Counties;  the  other  by  the  Midland  Company,  in  a  line 
due  west  from  Radford,  on  the  western  side  of  Nottingham.     The 
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latter  nuu  pttnllel  vith  the  Nottingham 
Caual,  and  in  one  place  close  b;  it,  sug- 
gestiiif;  ratber  forcibly  the  contrast  be- 
tween the  reqoirementa  of  the  present 
day  and  the  slow -going  transit,  bj  means 
of  locked  canals,  nhich  ^nfBced  onlj  a 
generation  or  two  ago,  Thia  railway 
has  exposed,  in  a  cutting  at  Wollatou, 
_iio  leBB  than  four  seams  of  coal,  within 
a  distance  of  abont  300  yards.  They 
hare  an  easterly  dip  of  about  5  deg., 
and  crop  np  at  the  surface  of  the 
ground,  thus — (Fig,  2),  In  the  pit 
sank  here  by  Mr.  Oldknow,  of  Nutting- 
ham,  Uie  flow  of  water  is  so  great  as 
1o  necessitate  the  "tnbbing"  of  the 
flhtfta  with  iron  for  abont  100  yards. 

Kct  only  in  the  country  where  the 
Co»l  Measures  come  to  the  surface,  bat 
«llnp  the  Leea  Valley,  where  tweaty-fi»e  i 
J6UB  ago  the  Magnesiau  Limestone  was  ^ 
penetrated  by  a  single  pit  —  that  at 
Cinderhill — tall  chimneys  rear  them- 
uWes  in  all  directions,  disfignring  the 
lutdKipe,    and  accompanied  by  alt  the 

nsutl  disagreeables  of  coal-mining.  Even 

the  Bonter,  which  lies  npon    tlie    Per- 
mian on  the   east   side  of   the    Leen, 

"«1  in  its  nortiiem  part  extends  round 

t°   ths    west    of    that    river,    forming 

the  Skegby     Hills,    is    pierced    by    a 

P'   Mtensively    worked    at    Annesley. 

Anotlier  is    about  to  be   sunk  through 

UK  BSDie  strata  east  of  the  Leen,  on  the 

norUi  Bide    of    Bestwood    Park.      On 

referring    to    the    report    of    the    pro- 

^^ings  of  the   British  Association  at 

Nottiogham  in    1866,    I   find  that    the 

W  Birector-General    of    the    Survey, 

in  I  paper  read  by  him  on  that  occa- 
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don,  referred  to   some  statements   which    he   had    made   three 
years  before,  in  a  lecture  given  at  Mansfield,  to  the  effect  that  it 
was  even  then  well  known  that  betweeen  Mansfield  and  Notting- 
ham ^'  the  Derbyshire  coal>strata,  rich  as  they  are,  became  thicker 
and  thicker  as  they  dip  under  the  Magneeian  Limestone  ....  and 
produce  coals,  superior  indeed  in  quality  and  dimensions,  to  most 
of  the  beds  of  Derbyshire,  where  no  one,  even  a  few  years  before, 
except  geologists,  thought  of  their  existence."     And  Sir  Roderick 
predicted  that  a  future  rise  in  the  price  of  coals  would  lead  to 
mining  for  them  even  under  the  New  Red  Sandstone,  though  at 
depths  which  would  then  have  rendered  such  operations   unre- 
munerative.     This  is  now  going  on.      I  have  taken  the  liberty  of 
italicising  a  portion  of  the  above  passage,  because,  from  some  mis- 
apprehension, it   appears,  of  what  the  veteran  geologist  said  on 
the  subject,   certain   "practical"    people   fancy    that  they  have 
since   proved  him  to   have  been   in   error  by  bringing   to  light 
facts,  which  simply,  so  far  as  I  can  make  out,  corroborate  his  state- 
ments. 

THE    rOIKILlTIC    SERIES    OR    SYSTEM. 

This  term  has  been  restricted  of  late  years  by  some  geologists 
to  the  Triassic  rocks ;  but  when  one  finds  so  venerable 
an  authority  as  the  late  Professor  Phillips, — who  himself  antici- 
pated Murchison's  "Permian"  nomenclature,  by  a  proposal  to 
correlate  the  Magnesian  Limestone  and  its  associated 
marls  and  sandstones  with  the  rocks  of  the  Carboniferous 
period,  "  on  the  ground  of  the  fossil  contents*^ — asserting, 
as  the  result  of  -  further  study,  that  "  in  some  respects  and 
in  some  districts  it  is  more  convenient  to  adhere  to  the 
old-established  alliance  of  the  Permian  many-coloured  deposits, 
with  the  variegated  sandstones  and  clays  of  the  New  Red 
series,"  I  trust  I  may  be  acquitted  of  any  charge  of  presumption  or 
conceit,  if  I  do  not  hesitate  to  treat  at  least  the  Permian  and 
Bunter  as  a  continuous  scries,  whose  *^  physical  history  on  the  whole 
is  one  great  sequence  of  natural  operations."  And  although 
feeling  necessarily  somewhat  diffident  with  regard  to  my  own 
interpretation  of  the  facts  which  I  have  observed,  one  cannot  err 
greatly  in  applying  the  principle  recommended  by  such  a  master  of 
geological   science — "  to    adapt  our  classification   to   the  region 
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which   specially  engages  our  attention  for  local  description  and 
limited  reference."* 

PERMIAN. 

The  Magnesian  Limestone  is  by  far  the  most  important  member 
of  the  Permian  group  in  Nottinghamshire.  Further  north,  beyond 
Mansfield,  it  produces  the  beautiful  crystalline  dolomite,  which 
furnishes  a  building  stone  of  great  durability,  except  when  exposed 
to  an  atmosphere  like  that  of  the  metropolis,  where  the  enormous 
consumption  of  coal  and  coal-gas  charges  the  air  with  sufficient 
sulphur  dioxide  to  effect  the  same  sort  of  metamorphosis  as  that 
which  takes  place  in  a  carbonate  underground,  when  exposed  to  the 
water  charged  with  the  same  gas  from  the  oxidation,  it  may  be,  of 
iron  pyrites  or  of  native  sulphur.  Near  that  town,  too,  are  the 
fine  intercalated  masses  of  a  much  more  siliceous  character,  well 
known  to  architects  and  builders  as  the  *'  Mansfield  White "  and 
''  Mansfield  Red  '*  sandstones.  As  we  proceed  south,  in  the 
direction  of  Nottingham,  the  Magnesian  Limestone  assumes 
smaller  proportions,  though  a  coarse  granular  variety  is  quarried 
at  Bulwell,  and  extensively  employed  in  Nottingham  and  the 
vicinity  for  public  buildings.  The  Permian  series  about  Nottingham 
belongs  mostly  to  the  "Zechstein  "  group,  the  "  Kupferschiefer  " 
is  partly  represented,  while  the  "  Rothliegende "  appears  to  be 
wanting  altogether.  The  series  thins  out  and  disappears  along  a 
line  running  east  and  west  between  Wollaton  and  Bilborough,  not, 
I  think,  as  the  result  of  subsequent  denudation  of  the  series  itself, 
but  of  the  previous  denudation  of  the  Coal  Measures  on  which  it 
rests.  The  marls  lie  chiefly  above  the  principal  beds  of  Magnesian 
Limestone,  and  are  themselves  interstratified  with  thin  flaggy  bands 
of  that  rock.  The  uppermost  beds  are  the  Peimian  Sandstones, 
which  at  Oinderhill  have  their  planes  of  bedding  commonly  marked 
with  annelid-tracks.  At  Kimberley  an  interesting  fault,  which 
has  brought  up  the  Coal  Measures  to  a  level  with  the  Magnesian 
Limestone,  is  now  exposed  in  the  new  railway  cutting.  The 
character  of  the  Permian  strata  varies  very  much  horizontally, 
even  within  very  limited  areas.  Thus  at  Cinderhill,  about  three 
miles  from  Nottingham,  the  section  represented  in  Fig.  3  is  to  be 
seen,  with  the  Permian   Marls  well    developed,  and  (where   not 

•  '^  G«dog7  of  Oxford  and  the  Valley  of  the  Thames/'  by  John  PhiUipa,  p.  88. 
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remored  for  bricks)  resting  apon  the  MAgnasian  Limestone,  nhilo 
the  Saa^stoneB  in  torn  rest  spon  the  Hark. 


Fia.  3. 
SECTION  AT  craSEBHILL  BBICETABD  NBAB  NOTTINQHAH. 
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a.  Hkgneuui  limMtout. 

b.  Bed  and  purple  Uarla  mth  thin  banda  of  linMltoiM. 
e.  "  Permiao  "  red  Sanditooea. 

d.  Breoda  Bed. 

4.  LiMTer  Mottled  Sanditona,  mnah  len  ooiiarent  thaD  a. 

/<.  Fault,  with  dowutkraw  to  the  right  of  10  feet. 

J*.  Fault,  with  downthrow  to  the  left  of  40  feet. 

Abont  balf-ft-mile  to  the  north  a  nulway  catting,  jast 
mode  through  an  outlier  of  Banter  with  a  Fermisn  base, 
has  exposed  the  same  Upper  Permian  Sandstones  ;  bnt  here 
thej  have  thickened,  and  the  Marl  has  ahnost  dieappeared. 
Near  Bobber's  Mill  (two  miles  to  the  B.E.),  a  Tariation 
of  the  opposite  nature  is  observable  :  the  deposits  are  mncfa 
lees  siliceons  than  at  Cinderhill,  and  the  uppermost  Permi  an 
strata  are  composed  chiefly  of  marls  At  Linby,  and  other  places, 
the  hmestoue  is  quarried  both  for  lime-bnming  and  for  bnilding 
purposes.  None  of  the  beds  here  are  very  thick,  and  they  have 
distinct  marl-partings.  At  Kirkby  we  get  down  to  the  basement 
beds  of  the  Permian  series,  and  the  Marl  Slate  is  fonnd  to  yield  the 
characteristic  Schiiodut. 

The  great  unconformabilily  between  the  Coal  Ueasnres  and 
Permian  is  inferred  from  several  facts : — 

(1.)  The  Magnesian  Limestone,  which  at  the  Shire-oak  Colliery 
is  1300  feet,  and  at  HucknallTorkard  1100  feet  above  the  Top-bard 
■earn,  ia  seen  at  Btrelley  resting  immediately  upon  that  seam,  whose 
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outcrop  mast  have  been  exposed  at  the  latter  place  by  denudation 
prior  to  Permian  times ;  so  far,  at  least,  as  they  are  represented  by 
any  Permian  strata  in  this  district. 

(2.)  We  have  proof  of  a  great  movement  between  the  Car- 
boniferous and  Permian  deposits  in  a  most  interesting  fault  at 
Cinderhill.  This  fault  cuts  through  the  Lower  Mottled  Sand- 
stone of  the  Bunter  and  through  the  Permian  strata,  and  passes 
down  to  an  unknown  depth  in  the  Coal  Measures.  It  has  affected 
the  Bunter  and  Permian  series  equally,  and  to  the  extent  of  only 
about  ten  yards ;  but  in  the  Coal  Measures,  my  friend,  Mr.  O. 
Fowler,  C.E.,  the  engineer  to  the  colliery,  has  found,  by  actual 
measurement,  after  working  up  the  <'  hade  "  of  the  fault,  where  it 
has  dislocated  the  Top-hard  seam,  that  the  vertical  displacement 
is  no  less  than  70  yards  in  the  Coal  Measures.  Two  things,  of 
course,  are  recorded  here.  In  the  first  place,  the  fault  gives  no 
indication  of  any  disturbance  between  the  depositions  of  the 
Permian  and  Lower  Bunter  strata.  But  secondly,  when  we  deduct 
the  displacement  of  ten  yards  which  the  two  upper  series  have 
suffered  from  the  total  displacement  of  70  yards,  there  remains 
a  throw  of  60  yards  as  the  result  of  movements  which  must  have 
occurred  between  the  deposition  of  the  Carboniferous  and  Permian 
strata. 

Now  as  to  the  eonformability  of  Coal  Measures  and  Permian : — 

(1.)  The  thickness  of  the  breccia  which  here  marks  the  junction 
oi  the  Permian  and  Bunter  series  varies  from  one  to  three  feet.  In 
the  railway  cutting  before  referred  to  there  is  the  same  sequence  of 
beds  (with  less  marl)  ;  the  breccia  bed  is  also  much  thinner.  There 
ie  no  unconformahility  apparent  at  either  of  these  sections  between  the 
Bunter  and  Permian  series,  nor,  as  we  have  seen,  does  the  fault  at 
Cinderhill  give  indication  of  any  extensive  movement,  such  as 
would  in  all  probability  have  occurred  had  there  been  any  great 
lapse  of  time  between  the  two  periods  of  deposition  represented  by 
the  two  groups  now  under  consideration. 

(2.)  Mr.  E.  Wilson,  F.G.S.,  of  Nottingham,  has  made  a  careful 
examination  of  the  fragments  contained  in  the  breccia  both  hero 
and  at  Kimberley,  where  he  has  observed  it.  He  describes  them 
as  of  a  most  varied  character,  **  nodular  and  concretionary  balls 
and  slabs  of  Permian  limestone,  some  of  them  containing  cavities 
lined  with  calcite,  the  nodules  themselves  being  often  encrusted. 
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and  having  their  surfaces  indented,  with  small  angnlar  pehbles, 
while  in  other  instances  they  adhere  to  the  surface  by  a  calcareous 
cement."      Mr.  Wilson  thinks  that  this  affords  evidence  of  the 
incomplete  consolidation  of  the  Permian  strata  at  the  time  the 
breccia  was  accumulating,  and  that  consequently  we  are  justified  in 
relegating  it  to  the  close  of  the  Permian  times.     He  has  found  a 
good  deal  of  chert  from  the  Derbyshire  limestone,  as  well  as  frag- 
mentary encrinites,  though  these  are  more  abundant  at  Eimberley, 
which   is    three  miles  nearer  the  source  of  them.     The  breccia 
contains  also  numerous  '*  fragments  of  light  green  and  dark  blue 
slate,  fragments  of  purple  and  drab  Permian  marlstone,  and  a  few 
partly  rounded  quartz  pebbles."     The  breccia  appears  to  rest  upon 
a  surface  of  Permian  sandstone,  rendered  somewhat  uneven  by 
contemporaneous  erosion  ;  and  this,  too,  would  seem  to  connect 
the  breccia  closely  in  time  with  the  Permian.      The  same  kind  of 
breccia  was  found  at  the  base  of  the  Bunter,  in  sinking  the  shaft 
of  the   Wilford   Colliery,   near   Nottingham.      Mr.   Marsh,    the 
manager,  informs  me,  however,  that  there  were  no  Permian  strata 
below  it.     This  would  seem  to  indicate  that,  during  the  deposition 
of  the  Permian  strata,  those  parts  of  the  Coal  Measures  which  were 
above  the  sea  suffered  degradation  to  such  an  extent  that  a  slight 
alteration  of  level  was  sufficient  to  extend  the  shore-line  across 
both  Permian  and  Coal  formations.  The  absence  of  Permian  strata, 
too,  at  Wilford,  justifies  us  in  assigning  the  breccia  to  the  Bunter 
as  much  as  to  the  Permian  series,  and  this  inference  is  borne  out 
by  its  position  at   Bobber's  Mill   (a  place  midway  between   the 
Cinderhill  and  Wilford  sections),  since  here  the  breccia  is  found 
forming  the  actual  base  of  the  Lower  Bunter  sandstone  to  the 
thickness  of  four  to  six  inches,  and  resting  itself  upon  very  tena- 
cious marls  usually  assigned  to  the  Permian  strata. 

The  general  inference  seems  to  be  that  the  breccia  belongs  to  the 
Bunter  and  Permian  series  equally,  and,  with  the  conformahility  of 
the  strata  above  and  below  it,  affords  no  ground  for  assuming  a 
great  lapse  of  time  between  the  deposition  of  the  Permian  and 
Bunter  deposits. 
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ORDINARY  MEETING,  March  6th,  1874. 

Henry  Woodward,  Esq.,  F.R.8.,  F.G.S.,  &c.,  President,  in  the 
Chair. 

The  following  Donations  were  announced  : — 

"  Earth  Sculpture,"  by  A.  Geikie,  LL.D.,  F.R.8.,  &c. ;  from  the 
Author. 

"  The  Lead  and   Zinc   Mines    of  the   Mendips,"    by    H.   B. 
Woodward,  F.G.S  ;  from  the  Author. 

"Smithsonian  Report,  1871 ;"  from  the  Smithsonian  Institution. 

"  Sixth  Annual  Report  of  the  United  States  Geological  Survey," 
by  F.  V.  Hayden ;  from  the  Author. 

"  Quarterly   Journal    of    the   Geological  Society  ;'*   from  that 
Society. 

"Abstracts  of  Proceedings  of  the  Geological  Society;"  from 
that  Society. 

"Transactions  of   the  Manchester  Geological    Society,"  Vol. 
HI.,  Part  2  ;   from  that  Society. 

"  Catalogue  of  the  Publications  of  the  Geological  Survey  of  Great 
Britam.'' 

The  following  were  elected  Members  of  the  Association  : — 
Thomas  J.  Downing,  Esq. ;  James  R.  Gregory,  Esq. ;    H.  J. 

•fehnaon  Lavis,  Esq.;   Horace  B.  Woodward,  Esq.,  F.G.S.,  H.M. 

Geological  Survey  ;  J.  F.  Walker,  Esq  ,  M.A.,  F.G.S.,  &c.  ;  John 
^oble,  Esq.,  R.N.  (retired) ;  and  John  W.  Wetherell,  Esq. 

The  following  Paper  was  read  : — 
Thb  Geology  of  the  Nottingham  District. — Part  II. 

By  the  Rev.  Alexander  Irving,  B.A.,  B.Sc,  F.G.S.,  &c. 

THE  bunter. 

The  threefold  division  of  the  Bunter,  as  adopted  by  the  Survey, 
into 

c.  Upper  Red  and  Mottled  Sandstone, 
b.  Conglomerates  and  Pebble  Beds, 
a.  Lower  Red  and  Mottled  Sandstone, 
18  well  known.    These  seem  to  have  been  traced  with  great  precision 
by  Professor  Hull  in  Cheshire.     There  are,  however,  no  sections  in 
Nottinghamshire,  so  far  as  I  am  aware,  which  present  these  three 
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members  of  the  Banter  formation  in  Buccession  ;  in  fact,  the 
uppermost  sub -formation  is  generally  considered  to  be  altogether 
wanting,  or  to  be  represented  by  the  uppermost  portion  of  the  Oon- 
glomeratic-series.  The  Lower  Mottled  Sandstones  rest  immediately 
upon  the  Coal  Measures  about  Wollaton,  Bramcote,  and  Lenton ; 
a  fact  I  think  to  be  accounted  for  by  assuming,  that  while  the 
Permian  beds  were  deposited  in  their  present  area,  the  denudation 
of  the  Coal  Measures  which  had  been  upheaved  to  the  south  and 
west,  was  progressing.  So  that,  when  a  farther  subsidence 
occurred  at  the  coming-in  of  Bunter  conditions,  a  greater  extent 
of  Coal  Measures  was  submerged  than  during  Permian  times. 
Had  the  Bunter  and  Permian  strata  been  found  to  be  unconformable 
in  this  district,  a  much  greater  gap  in  time  would  have  been  indi- 
cated than  we  are  required  to  infer  from  the  existing  data. 

Lower  Red  and  Mottled  Sandstone. — This  sub-formation  does 
not  appear  to  exceed  100  feet  in  thickness.  It  forms  an  escarp- 
ment along  the  side  of  the  river  Leen,  between  Basford  and 
Radford,  where  there  is  very  much  false-bedding.  In  one  place  the 
strata  are  thrown  into  an  anticlinal  curve,  with  a  slight  slip  run- 
ning in  the  direction  of  its  axis.  The  beds  shewn  here  are  by  no  means 
free  from  angular  fragments  of  slates  and  grits,  though  these  are 
scattered  somewhat  sparsely  through  the  soft  sandstone.  Further 
up  the  Leen  Valley,  at  Basford,  the  Lower  Bunter  rocks  may  be 
seen  by  the  side  of  the  road,  passing  gradually  up  into  the  Pebble- 
beds.  Here  also  the  former  contain  a  few  small  angular  frag- 
ments of  slates  and  grits  ;  *^  an  exceptional  case  ^*  (according  to 
Professor  Hull),  but  not,  as  we  have  just  seen,  a  solitary  exception. 
WoUaton  Park  lies  upon  the  surface  of  the  Lower  Mottled  Sand- 
stone. This  sub-formation  may  also  be  well  seen  in  what  is 
known  as  **  Cut-throat  Lane,"  which  leads  from  Lenton  to 
Beeston.  The  fault  which  passes  under  the  alluvium  of  the  Trent, 
close  by  the  pit  of  the  Wilford  Colliery,  is  supposed  to  be 
the  same  as  that  which  cuts  through  the  banks  on  opposite 
sides  of  this  laue.  As  the  result  of  this  fault  the  Kcuper 
beds  are  seen  lying  almost  horizontally  against  a  mass  of  Lower 
Mottled  Sandstone  :  Professor  Hull  considered  that  the  position 
of  the  marls  and  thin-bedded  sandstone  seen  here,  is  about 
150  feet  above  the  base  of  the  Upper  Keuper  series.  At  the  foot 
of  page  97  of  his  most  valuable  memoir,  '*  The  Permian  and  Triassic 
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Rocks  of  the  Midland  Gonnties,"  that  gentleman  gives  ns  the 
following  calculation  of  the  throw  of  this  fault :  — > 

r  Red  Marl         .         .         .         160  feet. 
Kenper.    ^  j^^^^  Reaper  Sandstone         100    „ 

J  Conglomerate  Beds  .         250    ,, 

Banter.     |  Lo^er  Mottled  Sandstone  50    „ 

550 

I  was  at  first  inclined  to  doubt  the  correctness  of  the  relegation  of 
these  marls  to  the  Upper  Reaper,  since  there  is  nothing  in  their 
character  which  may  not  be  matched  by  a  considerable  thickness 
of  marly  strata,  lying  indisputably  near  the  base  of  the  Reuper 
series,  in  several  sections  in  the  district ;  and  also  from  the  posi- 
tion of  a  cliff  of  Bunter  conglomerate  overlooking  the  lake  in 
the  park  of  Highfield.  On  a  closer  examination  of  the  ground 
lying  between  this  cliff  and  the  fault  it  appears,  however,  that  the 
point  at  which  the  fault  is  shown  is  somewhat  higher  than  the  cliff 
apoken  of,  and  to  the  east  of  that  cliff  the  Reuper  strata  are  found 
at  a  considerably  lower  level.  Highfield  House  stands  upon  the 
Bed  Marl,  and  an  examination  of  the  ground,  as  it  descends  to 
the  alluvial  plain  of  the  Trent,  shows  clearly  the  existence  of  a 
fault  (with  a  downthrow  to  the  north)  between  the  house  and  the 
Bunter  escarpment  which  faces  the  Trent  Valley.  From  these 
data  it  would  appear  that  Professor  Hull  was  correct  in  assigning 
the  tnarly  strata  in  the  lane  to  the  Upper  Reuper.  But  that  these 
beds  are  150  feet  above  the  base  of  the  Upper  Red  Marls  can 
scarcely  be  admitted,  since,  as  Mr.  Lowe,  of  Highfield,  informs  me, 
the  well  at  his  house,  when  sunk  to  a  depth  of  98  feet,  penetrated 
the  *'  waterstones "  of  the  Lower  Reuper,  and  the  sinking 
was  arrested  by  the  great  influx  of  water.  This  shows  that  the 
most  we  can  allow  for  the  thickness  of  the  Red  Marls  against  the 
fault  in  the  lane,  is  50  feet,  and  not  150  feot,  as  given  in  the  com- 
putation quoted  above.  An  inspection  of  the  Bunter  sandstones 
in  the  lane,  against  the  fault,  will  enable  any  one  to  recognise  the 
signs  of  a  passage  into  the  Middle  Bunter  series  commencing  here; 
these  signs  consisting  in  an  alteration  of  the  texture  and  hardness 
of  the  rock,  and  the  occurrence  of  pebbles  in  it ;  characters  by 
which  it  would  appear  to  be  assimilated  more  with  the  pebbly 
series  above,  and  which  cannot  be  observed  in  the  rocks  of  the 
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several  undoubted  sections  of  Lower  Bunter,  which  may  be  seen 
between  this  spot  and  the  Leen.  I  believe,  therefore,  we  most 
deduct  the  greater  part  of  the  50  feet  which  Professor  Hull  has 
assumed  to  have  been  removed  by  denudation  from  the  Lower 
Bunter  on  the  up-throw  side  of  the  fault.  These  two  deductions 
reduce  the  computed  displacement  from  550  feet  to  about  400  feet. 
A  mile  to  the  west  of  this  point,  however,  as  Professor  Hull  has 
pointed  out,  a  *^  certain  depth  of  the  conglomerates  is  seen 
lying  against  the  Lower  Keuper,"  from  which  he  calculates  800 
feet  to  be  the  amount  of  displacement  at  that  place. 

This  led  him  to  the  conclusion  that  the  throw  of  the  fault 
decreases  westward  to  the  extent  of  more  than  200  feet  in  a  mile. 
We  have  seen,  however,  that  the  decrease  really  required  is  only 
about  100  feet.  Recently  another  piece  of  data  has  been  furnished 
in  the  working  of  the  Wilford  Colliery.  The  main  shaft  here  is 
very  near  the  probable  extension  of  this  fault,  and  its  throw 
has  been  proved  to  be,  at  this  spot,  a  mile  and  a  quarter 
to  the  east,  only  95  yards.  This  agrees  nearly  with  Professor 
Hull's  estimate  of  the  throw,  a  mile  to  the  west  of  the  lane 
in  which  it  is  exposed.  Consequently  we  have  in  both  directions 
the  same  diminution  of  throw  to  the  extent  of  about  100 
feet,  within  a  mile  or  so  of  the  point  where  the  fault  crosses  the 
lane.  How  is  this  to  be  accounted  for  ?  Not  by  any  great  dip  of  the 
strata,  for  there  are  no  indications  of  this  in  the  escarpment  which 
runs  along  by  Lenton,  facing  the  Trent  Valley.  The  only  ex- 
planation seems  to  be  the  presence  of  the  fault  above  described  as 
passing  through  Highfield  Park,  between  the  house  and  the  \a]^, 
which  takes  the  form  of  a  curve,  and  runs  into  the  great  east  and 
west  fault  at  two  points,  each  within  a  mile  of  the  point  were  it 
is  seen  in  the  lane.  This  also  indicates  about  100  feet  as  the 
amount  of  the  throw  of  this  curved  fault,  the  downthrow  being 
northward,  and  towards  the  great  fault. 

No  indication  is  given  on  the  Survey  map  of  the  existence  of 
this  minor  fault,  nor  of  the  strip  of  Bunter  which  runs  along  the 
park  and  faces  the  Trent  Valley.  If  we  trace  the  fault  westward, 
it  will  be  seen  to  have  had  a  principal  share  in  determining  the 
configuration  of  the  country  and  the  nature  of  the  scenery.  To 
the  north  it  has  brought  up  the  Coal  Measures  all  along  the 
southern  boundary  of  the  Derbyshire  and  Nottinghamshire  Coal- 
field— at  least  of  so  much  of  it  as  has  the  Coal  Measures  at  the 
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surface.  Wollaton  Park  is  composed  of  Lower  Banter,  which  lies 
immediately  upon  those  strata.  About  Stapleford  and  Bramcote 
the  displacement  is  still  very  considerable;  for  although  Staple- 
ford  and  Bramcote  Hills  oyerlook  the  Coal  Measure  plain  which 
stretches  away  to  the  north,  the  Coal  Measures  in  immediate 
contiguity  with  the  fault  are  so  low  down  in  the  series  as  to  be 
some  distance  below  the  outcrop  of  the  Top-hard  seam,  while 
the  outcrops  of  the  Deep  Soft  and  Hard  seams  (which  at 
Wilford  are  worked  at  a  depth  of  270  yards)  terminate  against 
the  fault  at  the  foot  of  Stapleford  Hill.  This  Hill  and  Bramcote 
Hill  are  separated  by  a  rather  deep  valley,  evidently  formed  by  the 
erosion  of  the  Bunter ;  the  main  mass  of  these  two  hills  being  of 
Lower  Mottled  and  Red  sandstone,  while  they  are  both  capped  by 
pebble-beds.  These  must  have  afforded  a  good  instance  of  the 
extreme  variability,  even  within  short  distances,  of  the  power  of 
resistance  to  denuding  agents  of  the  rocks  of  this  formation  ;  for 
while  the  valley  under  consideration  has  been  scooped  out,  the  hills 
stand  out  boldly,  Bramcote  Hill,  with  its  densely-wooded  slopes 
and  summit,  forming  the  most  conspicuous  feature  in  the  land- 
scape in  this  direction,  as  viewed  from  the  high  ground  about 
Nottingham. 

The  hill  on  which  the  village  of  Bramcote  stands  is  composed  of 
Bunter  capped  by  Lower  Keuper  marls,  which  could  not  be  dis- 
tinguished by  anything  but  their  unmistakeable  position  from  the 
deepest  red  marls  of  the  upper  division  of  this  formation.  As  one 
ascends  the  hill  from  the  toll-gate,  the  Bunter  rocks  are  seen  in 
the  roadside ;  but  on  approaching  the  summit  of  the  hill  these 
disappear,  and  give  place  to  the  Red  Marls.  The  old  church,  of 
which  the  tower  still  stands,  was  built  on  the  highest  point  of  the 
hill.  Of  course  if  its  builders  had  had  the  light  of  geology  to 
guide  them  they  would  not  have  chosen  the  spot  which  they 
selected,  and  so  have  had  to  learn  from  experience  what  may 
appear  an  anomaly  to  many  still — that  the  top  of  the  hill  is  damper 
than  a  place  half  way  down  its  slope,  where  the  modem  church  has 
been  erected.  The  Bunter  extends  in  a  broad  band  of  high 
ground  eastward  from  about  Bramcote  to  beyond  Beeston,  when  it 
becomes  restricted  by  the  fault  described  above  into  a  narrow  belt 
that  skirts  Highfield  Park. 

One  of  the  most  interesting  features  in  the  landscape  about 
Bramcote  is  a  rock  which  stands  on  a  minor  hill  on  the  north  side 
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of  tbe  yalley,  that  has  been  described  as  separating  Stapleford  Hill 
from  Bramcote  Hill.  This  rock,  known  locally  as  the  ^'  Hemlock  '* 
(or  "  Himlack  '*)  Stone — a  term  of  uncertain  derivation — ^presents 
a  good  instance  of  a  distinct  junction  between  the  Lower  and 
Middle  Bnnter  sub-formations.  The  base  is  composed  of  red  sand- 
rock,  very  distinctly  laminated,  and  so  much  softer  than  the  beds 
above  that  the  action  of  the  weather  has  given  the  rock  the  ap- 
pearance of  a  rude  gigantic  column.  These  lower  red  beds  extend 
about  half  way  up  the  rock,  and  are  distinctly  unconformable  to 
those  above  them.*  They  are  capped  by  two  or  three  beds  of  a 
hard  calcareous  breccia,  which  weathers  with  a  remarkably  mammil- 
la ted  surface — a  character  by  which  it  is  recognised  as  having 
furnished  the  material  for  many  an  ancient  rude  wall  in  the 
neighbourhood.  The  breccia  is  in  its  turn  surmounted  by  the 
usual  conglomerates,  the  varying  hardness  of  which  has  given  to 
the  upper  part  of  the  rock  a  very  rugged  outline. 

Mr.  HuH  says  :  '*  I  commend  the  Himlack  Stonef  to  the  con- 
sideration of  those  who  deny  to  the  pea  any  share  in  sculpturing 
the  features  of  our  English  landscape.  That  the  Himlack  Stone 
is  an  old  sea  stack  seems  to  me  perfectly  clear.  It  is  to  the  sea 
coast  that  we  should  point  in  order  to  find  similar  examples ;  and 
they  are  not  uncommon  among  sandstones  of  Devonian  or  Car- 
boniferous age  on  the  raised  terrace  of  the  '  25ft.  beach '  which 
fringes  the  Scottish  coast.''  What  part  the  sea  may  have  played 
in  the  erosion  of  the  Bunter  rocks  of  the  district  it  is,  perhaps, 
impossible  to  say.  That  it  played  some  part — for  instance, 
during  the  Drift  period — we  shall  see  further  on.  Looking,  how- 
ever to  the  structure  of  the  rock  in  question,  jio  one  who  has 
examined  it  would  doubt,  I  think,  that  the  sea  would  make  very 
short  work  of  it  as  it  now  stands,  appearing  almost  ready  to  topple 
over — a  fate  probably  reserved  for  it  at  some  future  day,  when  the 
slow  effect  of  weathering  shall  have  eaten  away  somewhat  more  of 
the  soft  rock  which  forms  its  base.  The  hypothesis  of  quarrying  has 
been  resorted  to ;  but  though  work  of  this  kind  has  evidently  been 

*  From  a  fnrtber  inspection  of  this  rock,  I  am  inclin&d  to  think  that  the 
apparent  nnooDformability  here  is  the  result  of  the  weathering-ont  of  the  Lower 
Banter  Sandfiton<*,  ohliquely  laminated  on  a  rather  large  scale. 

t  Professor  Hall  states  that  the  word  himlack  ie  of  Celtic  origin  :  others  haTS 
■aggested  a  oorrnption  of  the  word  cromlech ;  hot  we  do  not  speak  of  cromlech- 
■tones.  A  friend  of  the  author's  has  suggested  the  possible  connection  of  the 
word  with  axi-siein,  a  name  for  simUfu*  rocks  in  SwitierUnd  and  South 
Germany.    Thus,  Himlack  Stone  =  HimmeUaxt-itein  P 
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carried  on  at  some  time  or  other  in  the  adjacent  rocks,  it  wonld 
require  a  great  stretch  of  imagination  for  anyone  yrlio  had  carefully 
examined  the  Himlack  8tone  to  come  to  the  conclusion  that  it  was 
the  result  of  such  operations.   My  own  belief  is  that  its  existence  is 
due  to  the  variation,  laterally,  of   the  lithological   character  of 
the  Conglomeratic-series  of  the  Bnnter,  and  that  the   erosion  of 
these  beds  (begun,  perhaps,  as  Mr.  Hull  conjectures,  by  the  action 
of  the  sea),  has  been  continued  through  long  ages,  by  sub-aerial 
agencies  till  the  yalley  has  been  reduced  to  its   present  form. 
Stapleford  Hill,  which  is  contiguous  to  the  Himlack  Stone,  has 
heen  worked,  in  years  gone  by,  for  copper  ore.     The  Lower  Bunter 
may  be  traced  westward  in  the  "  soft,  bright-red,  striped   sand- 
stone of  the  village  of  Dale,"  where  it  is  not  more  than  26  feet 
thick.     Beyond  this,  according  to  Mr.  Hull,  it  is  lost  sight  of 
across  a  belt  more  that  80  miles  in  width,  which  stretches  from  the 
Peak  District  towards  Chamwood  ;  but  it  re-appears  in   North 
Staffordshire.     That  across  that  district  the  Lower  Mottled  Sand- 
stone is  wanting,  is  shown  by  the  position  of  the  Conglomeratic- 
series,  which  at  Ashbourne,  Alton,  Derby,  and  other  places  are 
seen  resting  immediately  upon  Palaeozoic  rocks.*      Near  Notting- 
ham the  Lower  Bnnter  rests  upon  the  Coal  Measures,  the  Permian 
rocks  thinning  out  before  reaching  so  far  south.     This  has  re- 
cently received  additional  proof  from  the  sinking  of  the  shaft  at 
Wilford  and  the  "  boring  '*  for  coal  at  Highfield. 

This  sub-formation  may  be  examined  in  the  escarpments  which 
appear  between  the  Leen  and  Highfield,  at  Lenton.  In  spite  of 
oblique  lamination,  the  borizontality  of  the  beds  can  be  seen  from 
the  marl  partings  which  occur  at  intervals.  These  necessitate  the 
working  of  the  rock  in  horizontal  floors,  in  order  to  separate  the 
marl  from  the  fine  red  sand  which  has  been  dug  here  for  many 
years  to  supply  moulding  material  for  the  iron- works  of  Derby- 
shire. 

Pbbble-beds  and  Conglomerates. — These  form  a  series  of 
sandstones  (harder  than  the  last)  through  which  rounded  and  sub- 
angular  pebbles  of  quartzite  are  scattered,  and  often  collected  into 
compact  beds  of  consolidated  shingle.  Angular  fragments  of  slate 
and  grit  are  also  common  in  the  rock.  Li  some  places  the  layers 
are  so  loosely  composed  that  the  pebbles  may  be  pushed  out  with 

*  Hull,  "  Pennian  and  TriAsaic  Bocks  of  the  Midland  Counties."  , 
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a  common  walking-stick ;  in  others  they  fonn  a  true  conglomerate. 
The  pebbles,  which  are  embedded  in  a  scattered  manner  in  the  more 
consolidated  sandstones,  are  often  held  so  firmly  as  to  break  under  the 
blow  of  the  hammer  rather  than  be  loosened  from  their  sockets. 
Oblique  lamination  is  seen  at  every  turn,  and  it  is  no  uncommon 
thing  to  meet  with  bands  of  sandstone,  of  a  deep  blood-red  colour, 
often  assuming  a  lenticular  shape,  interbedded  with  those  of  a 
whitish  or  a  light  yellow  colour.  Good  instances  of  such  bands 
may  be  seen  in  the  excavations  for  catacombs  in  the  Church 
Cemetery,  and  in  the  play-ground  of  the  Nottingham  High  School; 
also  in  many  of  the  numerous  cellars  in  the  town.  These  red 
bands  are  generally  harder,  and  more  distinctly  laminated  than  the 
beds  among  which  they  occur,  and  the  division  planes  are  often 
thickly  coated  with  micaceous  spangles. 

Ferric  oxide  forms  the  chief  cement  of  the  grains  of  sand 
which  are  themselves  nothing  but  pure  silica.  By  boiling  even  the 
reddest  specimens  of  the  sand  of  this  formation  in  strong  hydro- 
chloric acid,  and  washing  with  water,  I  have  obtained  beautiful 
pure  white  sand. 

The  pebbles  of  this  subdivision  vary  in  size  from  six  inches  or  more 
in  diameter  to  less  than  a  pea.  They  are  of  various  materials : 
white,  liver-coloured,  green,  grey,  quartzite ;  grits ;  green  and  black 
slate,  often  marked  with  quartz  veins  ;  jaspers;  gneiss,  and  even 
sub-angular  blocks  of  sandstone  of  a  different  formation,  are  to  be 
found ;  also  rounded  fragments  of  greenstone  and  felstone.  No 
one  can  live  long,  I  believe,  in  this  neighbourhood,  and  make  use 
of  his  eyes,  without  the  idea  occurring  to  him  that  the  Bunter 
pebble-beds  are  consolidated  shingle  beaches,  in  which  the  pebbles 
were  mingled  with  a  good  deal  of  loose  sand.  The  question  natur* 
ally  arises  :  whence  came  the  pebbles  ?  We  can  identify  only  a 
small  proportion  with  rocks  such  as  are  found  at  Chamwood. 
Then  the  great  extent  of  these  beds,  from  the  Humber  to 
Worcester,  and  westward  to  Cheshire  and  Shrewsbury,  with  an 
observed  thinning- out  of  the  whole  in  a  S.E.  direction,  points  to  a 
northerly  source.  Mr.  Hull  believes  that  they  were  mainly 
furnished  by  the  disintegration  of  the  Old  Red  Sandstone  conglo- 
merates of  Scotland,  which  once  had  a  much  greater  extension  in 
the  direction  of  the  German  Ocean  than  at  present.  That  these 
beds  are  a  littoral  deposit  can  scarcely  be  doubted,  but  from  the 
great  preponderance  of  sand  over   shingle,   I  imagine  that  the 
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shores  along  or  near  which  these  deposits  were  formed,  must 
bare  been,  to  some  extent,  protected ;  perhaps  bordering  some 
straits  of  no  very  great  width.  We  know  how  in  such  cases 
shifting  sands  are  formed  by  the  tides  and  currents ;  as,  6.^.,  the 
(Joodwin  and  Margate  Sands.  Now  with  the  Pennine  range 
occupying  a  position  intermediate  between  the  old  land  of 
North  Wales,  and  the  PalaBozoic  land  before  referred  to  in  the 
direction  of  the  North  Sea,  and  those  regions  connected  by  the 
"  barrier  "  across  by  Cham  wood,  the  conditions  at  present  existing 
about  the  straits  of  Dover  might  be  approximately  represented; 
and  the  general  prevalence  of  false-bedding  in  the  rocks  in 
question  is  just  what  might  be  expected  in  a  somewhat  confined 
channel,  the  scene  of  the  meeting  and  intermingling  of  tidal  and 
river  currents.  On  the  other  hand,  the  Chesil  Bank,  near  Port- 
land, shows  how  free  shingle  is  from  sand,  when  silted  up  by  the 
breakers  of  a  sea  open  to  the  ocean. 

The  general  resemblance  of  the  pebbles  found  in  the  Middle 
fiunter  series  to  those  of  the  Chesil  Bank,  and  which  can  be 
^traced  only  to  the  Old  Red  conglomerates  of  South  Devon,  is  so 
far  confirmatory  of  Mr.  Hull's  view  of  the  conglomerates  of  the 
ISew  Red  being  the  'daughters"  of  the  Old  Red  conglomerate  of 
Scotland.  I  have  looked  frequently  and  carefully  for  indications  of 
ice-action  on  the  surface  of  these  pebbles,  but  hitherto  in  vain.  Very 
faint  striations  are  discernible  occasionally,  but  so  faint,  when  com- 
pared with  what  one  sees  on  the  boulders  of  the  Till,  as  to  forbid  any 
'Onebut  the  advocate  of  a  theory  to  infer  their  transport  by  glaciers. 
A  common  occurrence  in  the  Bunter  sandstones  is  that  of  masses  of 
red  or  dark  purple  marl,  known  to  the  quarry-men  as  *'  fuller's 
earth."  It  is  found  generally  in  rolled  masses  and  cakes,  as  if 
transported  from  the  neighbouring  Permian  marls,  which  it  re- 
sembles in  character.  Sometimes  it  is  found  restratified  in  very 
thin  laminad  between  the  sandstone  strata,  more  after  the  fashion 
of  a  film  left  by  a  ri?er-flood  than  by  the  surface-action  of  the  sea. 
Any  portion  of  the  Permian  strata  which  might  have  been  elevated 
above  the  sea-level,  during  some  of  the  minor  movements  (of 
which  there  appears  to  have  been  many  during  what  I  have 
ventured  to  name  the  Poikilitic  period),  would  of  course  be  sub- 
ject to  denudation  by  fresh  water ;  and  fragments  of  marl  thus 
brought  down  into  the  shallow  Triassic  sea,  would  get  buried  in 
the  offing  among  the  sand  and  the  shingle.     These  lumps   and 
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cakes  of  clay  might  have  come,  however,  eqnally  well  from  the 
Upper  Goal  Measures ;  so  that  their  derivation  from  Permian  strata 
is  by  no  means  certain. 

Upper  Mottled  Sandstone. — This  sub-formation  is  not  deve- 
loped to  any  great  extent  in  the  Nottingham  and  Derby  area.  Still 
there  appears  to  be  sufficient  evidence  to  justify  us  in  believing 
that  the  conditions  under  which  the  Upper  Bunter  sands  were 
deposited  (and  which  were,  roughly  speaking,  a  repetition  of 
Lower  Bunter  conditions),  prevailed  to  some  extent  in  this  area. 
In  the  village  of  Stapleford,  a  recent  excavation  has  exposed  a 
section,  in  which  the  Keuper  marls  are  seen  resting  upon  the 
eroded  surface  of  some  very  soft,  bright  yellow,  distinctly  laminated 
sandstone,  quite  free  from  pebbles.  I  communicated  with  Pro- 
fessor Hull,  and  forwarded  him  a  description  of  this  section,  in 
order  to  solicit  his  opinion  upon  it,  and  was  happy  to  find  that  that 
gentleman  concurred  with  me  in  thinking  that  the  Stapleford  rock 
must  be  a  fragmentary  portion  of  the  Upper  Bunter  series,  and 
that  this  series  was  once,  in  all  probability,  more  largely  developed 
in  our  area,  but  removed  for  the  most  part  by  denudation,  before  ^ 
the  deposition  of  the  Keuper  strata.  One  thing  particularly 
noticeable  in  this  section  is  the  absence  of  any  calcareous  conglom- 
erate or  marly  breccia,  which,  as  I  shall  have  to  describe  a  little 
farther  on,  mark  the  junction  of  the  Bunter  and  Keuper  in  several 
places  in  the  immediate  neighbourhood  of  Nottingham. 

No  formation  contributes  more  to  determine  the  physical  features 
of  the  southern  portion  of  the  county  of  Nottinghamshire  than  the 
Bunter.  Abutting  upon  the  Valley  of  the  Trent,  on  the  south, 
it  extends  north  in  a  broad  band  of  poor  country,  until  it  disap- 
pears under  the  alluvial  plain  of  the  Humber.  Much  of  this  region 
was  occupied  in  former  times  by  Sherwood  Forest ;  the  glades  and 
dales  of  **  Merry  Sherwood  "  being  formed  by  the  erosion  of  the 
softer  portion  of  Bunter  sandstone.  To  this  day,  though  largely 
enclosed  and  brought  under  the  plough,  it  goes  by  the  name  of  the 
"  Forest,'*  even  in  places  where  not  an  ancient  forest- tree  remains ; 
as  e,  g,f  Bulwell  Forest,  Arnold  Forest,  and  Papplewick  Forest. 
Bestwood  Park,  the  seat  of  the  Duke  of  St.  Albans,  is  situated  on 
this  formation,  and  further  north  the  beautiful  estates  of  Clumber 
and  Clipstone,  where  it  can  still  boast  of  many  a  fine  tree.  From  its 
porosity,  it  contributes  greatly  to  the  water  supply  of  Nottingham, 
lying  as  it  does  on  the  impervious  marls  of  the  Permian  series,  or 
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the  clajs  of  the  Coal  Measures.  Its  porosity  also  giyes  it  a  drjneBS, 
which  has  marked  the  site  of  Nottingham,  from  time  immemorial, 
as  a  fit  one  for  human  habitation.  Here  a  troglodyte  race  found 
a  rock,  not  only  dry,  but  soft  and  easily  hollowed,  even  with  such 
rude  tools  as  they  possessed.  Local  antiquarians  have  laboured 
to  refer  some  of  these  to  the  ancient  Briti&h  race.  The  earliest 
Saxon  settlers  found  the  rock  already  used  in  this  way,  as  is  evi- 
dent from  the  name  which  they  gave  to  it,  Snodena-gdham  (the 
home  of  caves).  Not  only  is  the  rock  beneath  the  town  honey- 
combed by  cellars  and  long  passages,  but  the  bold  escarpment 
which  faces  south  from  Lenton  to  Sneinton,  has  undergone  numerous 
excavations.  At  the  latter  place,  some  of  these,  called  the 
Hermitage,  are  still  faced  with  doors  and  windows,  and  inhabited ; 
while  in  the  other  direction,  the  famous  "  Park-holes  '*  bear  traces 
x)f  a  primitive  kind  of  sculpture.  Dearing,  a  local  historian  of 
more  than  a  century  ago,  tells  of  the  discovery,  in  his  time, 
of  similar  traces  of  work  in  subterranean  passages  beneath 
the  town.  Nottingham  Castle,  replaced,  after  its  dismantlement 
by  the  ''  Roundheads,"  by  a  modem  mansion,  stood  on  the  loftiest 
part  of  the  bold  southern  escarpment.  Jhe  facilities  which  the 
rock  afforded  for  excavation,  account  for  the  extensive  dungeons 
beneath  the  castle  ;  one  of  which  is  said  to  have  been  honoured  by 
the  presence  of  David,  King  of  Scotland,  who  was  taken  prisoner 
by  Queen  Phillipa,  at  Neville  Cross,  in  1346  ;  and  everyone  knows 
how  her  husband,  in  the  early  part  of  his  reign,  gained  access  by  a 
secret  passage  into  the  castle,  since  known  as  *'  Mortimer's  Hole ;'' 
and  so  put  an  end  to  what  was  at  once  a  gross  scandal  and  a 
gigantic  assumption  of  power.  This  passage  is  now  filled  with  d^ria 
:for  about  two-thirds  of  the  way  from  the  bottom  ;  in  the  upper 
part,  traces  are  still  seen  of  the  steps  formerly  cut  in  the  rock. 
The  weathering  of  a  rock  so  distinctly  jointed  as  the  Castle  Hock  is, 
lias,  in  the  course  of  ages,  given  it  a  somewhat  striking  appear- 
ance. The  Church  Cemetery,  before  mentioned,  is  one  of  the  most 
interesting  spots  of  its  kind  to  be  found  anywhere,  on  account  of 
its  caverns.  For  building  purposes  the  Bunter  sandstone  is 
useless ;  but  for  water*  supply  it  is  admirable,  having  all  the 
powers  of  absorption  of  an  enormous  sponge.*     In  many  parts  the 

*  The  eifeot  of  this  upon  the  Borfaoe-Boil  may  be  easily  seen,  on  comparing 
the  dry  ground  on  the  east  of  the  Leen,  with  the  wet  ground  on  the  west, 
where  it  fies  apon  the  Permian  marl. 
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surface  soil  is  no  doubt  foimed  by  the  disintegration  of  the  rock, 
and  the  intermixture*  of  vegetable  remains;  since  in  sections 
frequently  exposed  for  building  in  Nottingham,  a  gradual  transition 
is  noticed  from  the  sandstone  to  the  mould.  In  other  places,  how- 
ever, there  appears  to  be  a  sharp  line  of  demarcation  between  them, 
the  laminated  sandstone  disappearing  all  at  once ;  and  in  instances 
of  this  kind  which  I  have  observed,  the  materials  above  the  line 
present  more  the  appearance  of  drift,  and  contain  many  more  large 
pebbles. 

The  varying  degrees  of  hardness,  and  the  unequal  distribution 
of  the  conglomerate  beds,  have  led  to  extensive  sub-aerial  denu- 
dation in  many  places,  and  the  consequent  formation  of  escarp- 
ments. Instances  of  this  may  be  seen  in  the  Park  Terrace,  Not- 
tingham, in  the  "  Nottingham  Forest,"  overlooking  the  race- 
course, and  at  Bulwell  Forest.  The  most  striking  instances,  for 
scenic  effect,  are  those  on  the  opposite  sides  of  the  Erewash  : 
Bramcote  Hill  on  the  east,  and  Sandiacre  Cloud  on  the  west.  ITie 
northern  face  of  the  latter  is  deeply  weather-worn  ;  and  the  unequal 
hardness  of  the  beds  has  given  the  escarpment,  in  the  long  lapse 
of  ages,  a  very  rugged  outline.  The  great  east  and  west  fault 
before  mentioned,  which  runs  along  the  north  side  of  Stapleford 
Hill,  brings  the  Millstone  Grit  into  juxtaposition  with  the  Bunter 
conglomerates,  near  the  village  of  Stanton- by- Dale.  A  little 
further  on  towards  that  village  occurs  a  sand  hole  in  the  Bunter 
formation,  where  the  fault  has  been  reached,  and  the  Coal  Measure 
clays  are  seen  lying  against  the  Bunter  conglomerates.  The 
scenery  about  here  is  more  striking  than  any  in  South  Notts,  with 
the  exception,  perhaps,  of  that  about  Bramcote.  Between  this 
village  and  Beeston,  the  ground,  though  high,  between  the  two 
east  and  west  faults,  is  not  very  uneven,  on  account  of  the  horizon- 
tal position  of  the  Bunter  strata.  To  inhabitants  of  Nottingham 
and  visitors  to  the  town,  the  Castle  Kock  is  undoubtedly  the  most 
salient  geological  feature.  For  some  time  I  was  myself,  in  com- 
mon with  other  observers,  somewhat  puzzled  by  the  presence  of 
this  promontory,  like  another  Acrocorinthus,  raising  its  huge  front 
over  the  Valley  of  the  Trent.  It  was  easy  to  see  that  it  is  but  a 
portion  of  the  Middle  Bunter  sub-formation,  which  extends  from 
about  the  western  limits  of  the  Park  to  Sneinton.  The  question 
was — Why  should  this  project  as  it  does,  while  the  strata  on  each 
side  of  it  were  hollowed  out  so  as  to  form  Park  Valley  on  the  one 
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side,  and  that  which  lies  between  it  and  St.  Mary's  Church  on  the 

other  ?     This  may  perhaps  be  accounted  for  by  taking  into  account 

t;he  jointage  of  the  rock,  which  recent  access  to  it,  all  along  its  base, 

lias  enabled  one  to  examine  a  little  more  minutely.  The  rock  is  in 

fact  intersected  by  a  series  of  **  master-joints,'*  which  have  a  general 

parallelism  to  one  another,  and  run   in  a  north-westerly  direction 

through  the  rock  from  its  southern  face.     Some  of  these  may  be 

obserTed  intersecting  the  rock,  in  a  cutting  on  the  north  side  of  the 

Oa-slle,  boiWv'eii  it  and  Stjuidani    Hill,   the  same  direction  being 

't^here  maintained :  even  in  the  Lower  Bunter  at  Lenton  the  direc- 

'Crion  of  the  joints   is  the  same.     Taking  into  account,  therefore, 

't^he  direction  of  these  joints,  and  the  great  horizontal  variation 

iQ  hardness  of  the  whole  Middle  Bunter  series,  the  causes  which 

determined  the  position   and   direction  of  the   two  valleys  just 

xnentioned,  and  the  consequent  projection  of  the  Castle  Rock,  are 

2>erhap8  made  out :  the  joints  have  served  as  lines  of  weakness, 

^long  which  denudation  was  facilitated. 

THE     KEUPBR. 

Walking  through  the  town  and  suburbs  of  Nottingham,  from 
^^rest  to  east,  we  pass  from  one  formation  to   another;    each  a 
'Knember  of  the  Trias.     The  ancient  borough  stood  entirely  on  the 
Jliunter;  the  Castle  surmounting  one  part  of  its  southern  face,  the 
^Kioble  pile  of  St.  Mary's  Church  the  other.    In  the  great  extension 
^Df  the  town  that  has  occurred  of  late  years,  Nottingham  has  spread 
"^ar  beyond  its  ancient  boundaries,  and  now  overlaps  (if  one  may 
^e  allowed  such  an  application  of  the  term)  the  Keuper  outcrop. 
"IThe  correlation   of    the    English   Triassic  rocks  with    those    of 
^Jermany,   showing   the    absence  of    an   intermediate   formation, 
^^ould  lead  us  to  expect  to  find  evidences  of  a  break  in  time,  in 
"•he  unconformability  of  the  two  series  here  brought  into  juxta- 
position, and  in  the  erosion  of  the   Bunter  which  constitutes  the 
Xower  series.      Perhaps  not  during  the  whole,  but  very  probably 
■during  some  portion  of  the  time    occupied  by  the  deposition  of 
Uhe  Muschelkalk,  our   area  was   above  water,  and   consequently 
subject  to  degrading  influences.     Whatever  may  have  been  the 
'thickness  of  the  Upper  Bunter  here,  it  had  been,  as  we  have  seen, 
generally  worn  away  before  the  Keuperian  age.     The  Dolomitic 
Conglomerate  which  lies  at  the  base  of  the  Keuper  beds,  in  the 
Bouth  Wales  District,  is  also  wanting  here  ;  so  that  this  formation 
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is  represented  about  Nottingham  bj  only  two  divisions,  as  follows  : 

r   2.  Red  and  Variegated  Marls  and  Upper  Reaper 
j^  J  Sandstone  with  Gypsum, 

li^euper  <     ^    j^^^^  Keuper  Sandstone  and  Marl  ("  Water- 

V         stones "). 

A  glance  at  the  Survey  map  of  the  district  will  show  that  this 
formation  occupies   a  larger   surface -area    in    the    Nottingham 
district   than   any  other.      With   the  exception  of  the  southern 
escarpment  of  Bunter  sandstone,  described  in  a  previous  portion 
of  this  paper,  the  whole   of  the  Valley  of  the   Trent,  for  many 
miles  below  Trent  station,  is  an  elongated  hollow,  scooped  out  of 
the  Keuper  strata.     In  some  places — as  at  Clifton,  Ratcliffe-on- 
Trent,   and   East  Bridgford — the   red  marl  forms  steep,  almost 
perpendicular  cliffs,  overhanging  the  river ;    and   the  hills  which 
enclose  the  valley  on  that  side  are  formed  of  the  upper  series  of 
marls.     Above  the  confluence  of  the  Soar  with  the  Trent,  in  the 
neighbourhood  of  Castle  Donnington,  and  even  in  that  town  itself, 
the  Lower  Keuper  beds  are  seen  resting  upon  shales  and  grits, 
which   Professor   Hull  considers  to   be   of    the   Millstone   Grit 
series.      From  the  cliffs  which   there  overlook  the  river- valley, 
the  Keuper  stretches  away  to  the   south,  till   it  abuts    against 
the  old  land  of  Chamwood.     At  Breedon  there  are  several  inliers 
of  the  Mountain  Limestone,  which  must  have  formed  islands  in 
the  Triassic  sea.     They  are  at  the  present  time  quarried  for  lime- 
burning.     The  strata  have  a  westerly  dip  of  about   45°       Tlie 
eastern  face  of  the  hill,  which  is  surmounted  by  Breedon  Church, 
is  an  almost  perpendicular  precipice,  and  must  have  "been  thrown 
up  by  a  fault  in  pre-Keuperian  times.     That  it  formed  a  precipi- 
tous cliff  on  the  east,  in  Keuper  times,  is  proved  by  the  quantity 
of  angular  fragments  of  the  limestone,  to  be  found  embedded  in 
the  red  marl,  that  now  abuts  against  its  flank.     These  resemble 
precisely  the  debris  which  now  lies  on  the  surface  at  the  foot  of 
the  cliff,  the  result  of   the  disintegrating  influences  of  rain  and 
frost.     When  such  fragments  fell  into  the  waters  of  a  lake  or 
inland  sea,  they,  along  with  the  marly  deposit,  accumulated  against 
the  cliff  at  its  base,'  and  are  found  now,  where  they  were  origi- 
nally deposited,  unaltered,  except  so  far  as  to  have  taken  a  surface- 
colouring  from  the  ferric  oxide  of  the  marl.     They  afford  direct 
evidence  of  the  absence  of  tidal  or  surf  action  daring  their  accu* 
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molation,  and  point  to  the  existence  of  inland  waters  during 
Triassic  times.  The  facts  will  be  readilj  understood  by  a 
diagram. 

Pio.  4. 

SECTION  ACROSS  BEEEDON  HILL. 

W.  BreedoD  Cburoti.  ^ 


reaper.  Moaaiain  Limestone.    {(     Breccia.      Upper  Kenper  Marls. 
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All  along  the  sonth-eastern  side  of  the  Trent,  from  the  con- 
fluence  of  the  Soar,  the  hills,  on  account  of  their  marly  nature, 
^^re  rounded  off  into  gentle  slopes.  At  some  distance  from  the 
Trent  they  are  capped  by  Lower  Lias,  indications  of  whose^former 
extension  in  the  direction  of  the  Trent  are  seen  in  the  outliers  of 
t,liat  formation  near  Qotham,  a  Tillage  of  some  notoriety .[;;^  On  the 
north  side  of  the  Trent  Valley  the  high  grounds  known  as  the 
**  Plains,"  and  stretching  away  in  the  direction  of  Woodborough 
and  Southwell,  form  the  upper  surface  of  the  Keuper  series. 

It  would  be  an  interesting  task,  if  practicable,  to   trace   the 
y-unctian  of  these  beds  with  the  Bunter,  over  a  considerable  track 
of  country  in  Nottinghamshire,  but  the  exposures  of  it  are  few 
SLnd  far  between.     There  are,  however,  several  close  to  Notting- 
ham : 

(1.)  In  Red  Lane,  which  leads  up  from  the  Mansfield  Road,  to 

±rhLe  Woodborough  Road,  the  junction  is  exposed  for  a  short  distance. 

A  thin  band  of  calcareous  conglomerate  occurs  here,  forming  a 

sliarp  ledge  in  the  roadside  at  the  top  of  the  pebble-beds.     It 

contains  both  rounded  pebbles  and  angular  fragments,  some  of 

considerable  size.     There  is,  perhaps,  a  slight  unconformability 

tere  between  the  Bunter  and  the  Keuper.     By  ascending  the  hill 

in  the  lane,   and  continuing  one*s  course   up   to  the   Mapperley 

Plains,  nearly  the  whole  of  the  Keuper  series  may  at  the  present 

™e  be  examined  with  great  facility. 

(2.)  The  calcareous  conglomerate  has  been  observed  by  Mr. 
**•  Wilson,  F.G.S.,  in  some  excavations,  now  covered  up,  on  the 
^^^  Bide  of  the  town.  He  states  that  it  contained  *^  an  assemblage 
^  t^,  white,  and  black  pebbles  of  quartzite,  firmly  bound  together 
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in  a  compact  calcareous  cement :  the  pebbles  resemble  those  of 
the  Banter,  from  the  denudation  of  which  they  were  probably 
derived." 

(3.)  On  the  hill-side  east  of  Sneinton  adjoining  Rough-hill 
Wood,  the  junction  may  be  observed,  marked  by  a  number  of  small 
rounded  pebbles  embedded  in  red  marl. 

(4.)  Quite  recently,  Mr.  Wilson  was  good  enough  to  direct 
my  attention  to  a  new  road  in  process  of  cutting  through 
Blue- bell  Hill  from  Great  Alfred  Street.  In  a  culvert  sunk 
below  this  road,  a  most  interesting  section  was  obtained, 
showing  not  only  the  junction  of  the  two  formations,  but  the 
great  preponderance  of  sandstone  at  the  base  of  the  Keuper  at 
this  spot.  I  measured  the  strata,  and  obtained  the  following 
series : 

ft.    in. 
la  Bed  marl  5      0 

12.  Sandstone  with  marl  partings 2  0 

11.  Kibbon>band  of  marl,  with  interbedded  material  from 

the  Banter  (on  an  average)    1  0 

10.  Sandstone  band,  more  compact   and  homogeneous 

than  12   2  0 

9.  Red  marl   9  0 

8.  Eenper  sandstone    5  0 

7.  Yellow  limegUme 0  2 

6.  Keuper  sandstone    0  9 

&.  Yellow  UmesUme 0  3 

4.  Keuper  sandstone   1  6 

5.  Yellow  limestone 0  3 

2.  Hard  red  conglomerate 1  0 

1.  Bunter  pebble-beds     2  0 

29    11 


Here,  within  a  vertical  distance  of  30  feet,  we  have  a  considerable 
variety.  The  most  interesting  circumstance  is,  perhaps,  the 
presence  of  three  distinct  beds  of  a  yellow  ochreous-looking  lime- 
stone, homotaxial,  probably,  with  some  portion  of  the  Muschelkalk 
of  Germany,  and  possibly  synchronous  with  it  too. 

Lower  Keuper  ("  Waterstones  "). — These  beds  are  exposed 
in  many  places  on  the  cast  and  north-east  of  Nottingham.  Qood 
,  sections  may  be  observed  in  Windmill  Lane  at  Sneinton,  and  by 
the  side  of  the  railway  at  Colwich ;  but  by  far  the  best,  because 
the  freshest,  sections  at  present  are  those  formed  by  the  cuttings 
in  the  new  railway  near  Gedling  and  the  Woodborongh  Boad. 
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e  deepest  shaft  sunk  for  the  tannel  which  is  to  pass  beneath  the 
Mapperlej  Plains '  is  180  feet.  To  thid  may  be  added  some  20 
it,  or  perhaps  a  little  more,  to  make  up  the  total  thickness  of 
e  Reaper  series.  No  beds  of  gypsum  have  been  passed  through, 
d,  so  far  as  I  am  aware,  this  mineral  is  absent  from  the  Lower 
enper  about  Nottingham.  The  sandstones  brought  up  from  the 
^  UQnel  have  a  very  distinct  and  well-marked  *'  grain."  The  bedding 
iBurfaoes  of  these  sandstones  are  frequently  ripple-marked,  and 
occasionally  bear  traces  of  suif-cracks  and  rainpittings.  Marl 
partings  are  Tery  common.  Professor  Hull  states  that  footprints 
of  Cheirotherwm  have  been  observed  at  Castle  Donningtou,  but 
X  have  not  heard  of  any  being  found  in  the  immediate  yicinity  of 
Nottingham,  until  I  was  so  fortunate  last  summer  as  to  pick  up  a 
l>lock  of  stone  bearing'  the  unmistakeable  cast  of  the  small  fore- 
foot of  one  of  these  creatures.  The  slab  had  fallen  out  of  the 
cli£r  that  overhangs  the  Midland  Railway  at  Colwich.  The  speci- 
men is  now  in  the  museum  of  the  High  School. 

Xhe  meaning  of  the  term  '^  waterstooes,*'  as  applied*  to  the  sand- 
Btones  of  the  Lower  Keuper,  is  readily  seen  in  the  cuttings,  before 
Inferred  to,  of  the  new  railway.  The  outcrop  of  the  strata  allows 
the  entrance  of  water  :  traversing  the  sandstones  which  lie  nearly 
liorizoutally,  and  its  passage  in  a  transverse  direction  being  pre- 
^eiited  by  the  intervening  layers  of  marl,  it  trickles  out  freely 
^h.erever  the  edges  of  the  strata  are  exposed  below  the  level  of 
tbe  outcrop.  In  this  way  numerous  springs  are  formed.  The 
^STilt  of  this  may  be  seen  in  the  wet  cuttings  in  the  Keuper  series, 
^^ich  present  a  striking  contrast  with  the  dry  cuttings  in  the 
P^i^ous  Bunter  sandstone,  along  the  same  line  of  railway.  There 
IS  One  band  of  sandstone  about  fiv^  feet  thick,  which  (varying  in  its 
liotnogeneity)  appears  to  be  pretty  persistent  in  this  area.  It 
^^erally  surmounts  some  20  feet  or  more  of  marls,  and  may  be 
ot>s^rved  in  various  places  ;  «.^.,  at  Sneinton,  St.  Anne's  Well 
^ond,  Woodborough  Road,  in  the  cuttings  of  the  railway  just 
^^*erred  to,  and  in  the  cutting  at  Red  Hill  on  the  Mansfield 
l^od,  about  four  miles  north  of  Nottingham.  In  the  section  I 
l^ave  described  at  Blue-bell  Hill,  marls  at  this  horizon  give  place 
^  material  of  a  more  siliceous  character. 

XJppBR  Keuper  (Red  and  Variboated  Gypseous  Marls  and 

Sandstones). — According  to  Professor  Hull  the  sandstones  of  this 

^nes  are  of  unusual  importance  in  the  neighbourhood  of  Notting- 
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ham,  from  the  thicknesR  of  the  beds  and  the  durability  of  the 
stone  for  building  purpcfises.  These  beds  do  not  appear  to  be  con- 
fined to  any  particular  horizon,  but  thicken  in  certain  localitiee. 
The  marls  form  a  stiff  soil  at  the  surface,  rendering  agricultural 
operations  somewhat  difficult,  if  the  soil  is  either  too  dry  or 
too  wet.  They  also  furnish  material  for  bricks,  which  is  ex- 
tensiyely  worked  at  Carlton,  Sneinton,  Mapperley  Plains,  and 
other  places  near  Nottingham.  The  last  named  are  the  largest  of 
the  works  of  the  kind  in  the  district ;  and  so  great  is  the  supply 
of  bricks  from  that  place  alone,  that  it  has  been  said  that  '*  Not- 
tingham once  lay  on  Mapperley  Plains.*'  To  the  north-east  of 
the  town  the  outline  of  the  marls  is  yery  irregular,  on  account  of 
their  erosion  by  atmospheric  agencies.  This  has  gone  on  to  such 
an  extent  that  the  upper  marls  are  frequently  worn  through,  and 
the  Lower  Keuper  series  exposed  ;  in  the  valleys,  for  example,  in 
which  lie  the  villages  of  Carlton,  Gedliog,  and  Lambley. 
The  Cocker  Beck,  which  flows  by  Lambley,  and  the  Dover 
Beck  which  passes  through  Epperstone,  have  eaten  their  way 
down  into  the  Lower  series;  and  the  phenomenon  is  repeated 
by  the  Greet,  near  Southwell.  At  the  bottom  of  the  valleys  thus 
formed,  as  for  example  at  Lambley,  are  the  curious  ^'  dumbles,'* 
a  local  term  for  a  deep  channel  cut  backward  in  the  nearly  hori- 
zontal strata,  by  the  running  water  of  a  brook,  so  as  to  form  a 
miniature  canon,  the  banks  of  which  are  generally  overhung  with 
trees  and  brushwood.  At  Lambley  Dumble  is  found  the  so-called 
"  petrified  moss."  The  physical  geography  of  the  Keuper  district 
is  therefore  interesting,  though  not  remarkable  for  scenic  effects 
in  the  landscape.  On  a  small  scale  it  illustrates  very  well  the 
formation  of  plateaux  by  horizontal  strata. 

A  notable  characteristic  of  the  Upper  Hod  Marl  series  in  our 
area  is  the  abundance  of  calcium  sulphate,  and  the  entire  absence 
of  the  chloride  of  the  same  metal,  which  attains  the  enormous 
thickness  of  90  feet  in  the  corresponding  strata  in  the  Cheshire 
area.  It  may  be  that,  while  the  sea  gained  occasional  access  to 
the  latter,  the  Nottingham  area  was  shut  off  from  all  communica- 
tion with  it  during  the  Keuper  period.  That  the  inland  sea 
was  salt,  we  know,  however,  from  the  frequent  occurrence  of 
pseudomorphs  of  rock-salt.  These  are  common  enough  on  the 
surfaces  of  the  slabs  of  sandstone,  that  are  interbedded  with  the 
marls  in  the  uppermost  parts  of  the  series ;  though  not  confined  to 
that  horizon.     In  the  gypsum-quarries,  at  Newark,  they  may  be 
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picked  up  plentifully,  and  more  sparingly  at  Cariton,  Colwich,  and 
^t  Blue-bell  Hill.      Those  which  I    have  seen  are  mostly  from 
the  grey-ooloured  marls,  which  seem  to  mark  the  incipient  stages 
of  those  changes  which  ushered  in  Rhsetic  conditions.     The  con- 
jecture that  the  gypsum  may  have  been  deposited   ^'  from  sub- 
marine gaseous  emanations,  or  from  hot  springs  which  have  con- 
tinued  to  flow  in  the  same  spot  for  ages,"*  certainly  seems  to  force 
Itself  upon  one  in  examining  it  in  situ.     These  deposits  vary  in 
tlk  ickness  from  that  of  a  sheet  of  paper  to  nine  feet — the  thickness 
the  beds  worked  at  Chellaston  and  Aston,  places  situated  on  an 
Uer  of  red  marl  which  forms,  in  one  sense,  an  island  in  the  Trent 
uriam,  between  Castle  Donnington  and  Derby.     Red  Hill,  near 
tmmpton,  shows  traces  of  the  gypsam-works  of  former  years, 
lis  is  now  bored  through  by  the  tunnel  opposite  Trent  Station ; 
i^'X'M.d  in  the  recent  widening  of  the  cutting  to  lay  down  an  extra 
lix^e  for  the  heavy  traffic  between  Trent  and  Leicester  numerous 
.%Dbon-like  bands  of  satin-spar  were  exposed,  the  crystals  being  in 
>ine  cases  three  inches   long.     The  thicker  beds  are  generally 
BkKnorphous  or  saccharoidal,  and  commonly  known  as  '^  alabaster.*' 
^^ome  of  these  are  of  a  pure  white,  others  of  a  delicate  flesh- 
^oloor.    They    lie    sometimes   in   regular  floors,   and    are   then 
"^w-orked  either  by  open  quarrying  or  by  driving  a  horizontal  mine 
into  the  side  of  the  hill.     £eds  of  this  description  are  now  being 
"•worked  at  Newark ;  and  quite  recently  a  quarry  has  been  opened  at 
*  borizon  very  little  below  the  Rhcetic  Series,  which  here  crops  out 
on  the  brow  of  the  hill.     The  gypsum,  at  this  spot,  occurs  in  every 
^*riety  of  form  and  condition :  large  round  masses,  as  much  as 
^*"'ee  and  four  feet  in  diameter,  of  the  pure  salt ;  lenticular  masses 
^^  the  same  material,  both  white  and  pink;  beds  largely  mixed 
'^^th    earthy   imparities;  and  innumerable  ribbon-like  bauds  ex- 
^^'^ding  in  all  directions,  quite  irrespectively  of  the  bedding-plane 
0^  the  marl, — at  one  time  cutting  across  the  lamination  at  every 
P^sible  angle,  at  another  following  the  direction  of  that  plane. 
^here  the  thick  masses  occur,  the  strata  have  been  thrown  into 
strange  contortions,  the  flexures  having    an   anticlinal  curvature 
OYer  the  massive  beds  of  gypsum  ;  as  if  the  blocks  of  the  mineral, 
^>^<^ming  hydrated,  and  so  increasing  both  their  bulk  and  their 
ngidity,  had  heaved  up  the  semi-consolidated  strata  above  them. 
The  appearance  of  this  section  is  the  more  interesting  from  the 
Alternation  of  red  and  grey  bands  of  marl  which  follow  the  outline 

•  LjOL :  "  The  Stodenf  b  Elements  of  Geology,"  p.  854 


76  A.  IBVIMO  ON  QBOLOOY  OF  NOTTINQBAM  DISTRICT. 

of  the  concretionary  masses.  There  is  a  peculiar  character  dis- 
cernible in  the  thin  gypseous  veins,  wherever  I  have  observed  them, 
both  at  Newark  and  nearer  Nottingham :  that  is,  the  general 
tendency  of  the  crystals  to  assume  a  vertical  position,  and  one  not 
necessarily  at  right  angles  to  the  surface  of  the  vein.  There  was 
therefore  some  force  acting  upon  the  particles  simultaneously  with 
that  which  produced  crystalization.  What  was  that  force? 
Researches  in  pyro-electricity  would  seem  to  suggest  the  connec- 
tion of  this  phenomenon  with  terrestrial  magnetism. 

According  to  Mr.  Sterry  Hunt  (Quart.  Joum.  Geol.  See., 
Vol.  xvi.),  gypsum -deposits  are  of  two  classes  : 

(1.)  Those  formed  by  the  direct  action  of  sulphur-dioxide  upon 
beds  of  limestone. 

(2.)  Contemporaneous  beds  of  sulphate  of  lime,  interstratified 
with  marls,  dolomites,  and  rock  salt.  The  continued  action  of  bi- car- 
bonate of  lime  upon  sodium  or  magnesium  sulphate  gives  a  saturated 
solution  of  Ca  SO  (accordmg  to  Williamson  1  part  of  the  salt  to 
400  parts  of  water) ;  and  after  this  degree  of  saturation  is  reached, 
precipitation  must  of  course  ensue.  This  process  is  not  interfered 
with  (according  to  Mr.  Hunt)  by  the  presence  of  sodium  chloride  ; 
80  that,  by  continued  additions  of  bi-carbonate  of  lime  (which  is 
formed  daily  wherever  rain  water,  charged  with  carbonic  acid,  acts 
upon  limestone  rock),  the  magnesium  or  sodium  sulphate  of  sea- 
water  may  be  converted  into  calcium  sulphate  or  gypsum.  The 
salt  is  generally  found  combined  with  two  molecules  of  water  of 
crystallisation.  This  is  driven  off  at  130°  C,  but  if  the  salt  be  not 
calcined  in  the  process,  it  has  the  power  of  re-combining  with 
water ;  and  in  this  slate  it  forms  the  valuable  commercial  com- 
modity known  as  **  plaster  of  Paris." 

£efore  leaving  this  part  of  the  subject  it  is  desirable  to  notice  a 
pair  of  faults  which  run  from  Colwich  in  a  north  westerly  direction 
towards  Mapperley.  The  throw  of  these  two  faults  being  in 
contrary  directions  they  form  a  **  trough."  One  of  them  intersects 
the  face  of  the  cliff,  which  overhangs  the  railways  at  Colwich  ;  so 
that,  in  passing  along  the  Great  Northern  Railway,  a  capital  view 
is  obtained  of  the  Upper  and  Lower  Eeuper  strata  side  by  side. 
The  throw  of  the  fault  which  is  visible  (that  to  the  left  in  Fig.  5) 
is  equal  at  least  to  the  height  of  the  cliff,  which  is  about  50  feet; 
the  other  fault  is  not  directly  perceptible,  since  it  has  formed  a 
line  of  weakness  upon  which  denuding  forces  have  operated ;  bat 
its  existence  is  necessarily  inferred  from  the  re-appearance  of  the 
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Lower  Keuper  strata  to  the  east  of  it.     This  will  be  understood 
from  the  accompanying  diagram  : 

Faults  in  Kbupbb  Strata  at  Colwich,  near  Nottingham. 

Fio.  6. 


(.    Upper  New  Bfed  Marls,  with  Stitin*8par  and  Psendomorphs 

of  Bockealt.  ^ 

a.    Lower  Keaper  Strata  (Waterstones). 

These  faults  are  indicated  on  the  Sarvej  map,  but  the  trne 
position  of  that  to  the  left  has  not,  I  think,  been  accurately  laid 
down.  By  the  surveyors,  it  is  made  to  pass  too  near  to  Sneinton, 
from  which  I  infer  that  the  exposure  of  it  in  the  cliff  was 
not  made  at  the  time  the  survey  of  the  district  was  done.  On  the 
other  hand,  the  position  of  the  £untcr  rocks  west  and  east  of 
Sneinton  (in  the  latter  place  they  are  seen  in  the  hill-side  under- 
lying the  Eeuper),  prevents  us  believing  in  the  existence  of  a 
fanlt  in  the  exact  position  indicated  on  the  map.  The  more 
westerly  of  the  two  faults  may  be  traced  easily  across  the  north- 
eastern suburbs  of  Nottingham,  since  it  is  exposed  at  the  present 
time  at  Blue-bell  Hill,  in  the  Woodbo rough  Road  opposite 
Cranmer  Quadrant,  and  in  the  grounds  of  Forest  House  opposite 
the  Church  Cemetery. 

Though  the  traces  of  life  in  the  Keuper  are  few,  an  advance  is 
shown  in  this  respect  upon  the  Bunter  series. 

Footprints  of  reptilian  creatures  have  been  already  referred  to, 

and  at  Chellaston  numerous  foraminifera,  figured  and    described 

by  Professor  T.  Rupert  Jones  (Quart.  Journ.  Geol.  Soc,   Vol. 

xvi.,  p.  453),  have  been  found  in  the  gypseous  marls.     Fish- scales 

are  found,  too,  as  we  ascend  the  series. 

The  theory  propounded  of  late  by  Professor  Ramsay,  to  account 
for  the  character  of  the  red  rocks  of  the   Permian   and  Triassic 
eeries,  is  familiar  to  geologists.      In    Cheshire  the  concentration 
of  saltwater  by  evaporation  has  left  its  deposit  in  the  beds  of  rock- 
salt  which  abound  in  that  district :    in  the  Nottingham  area  we 
find  traces  of  this  and  something  more.     The  data  furnished   to 
^  are  mainly  the  reptilian  footprints  and  the  frequent  occurrence 
of  pseadomorphs.     Both  these  would  result  from  the  same  set  of 


78  A.  IRVING  ON  OBOLOOY  OF  NOTTINGHAX  DISTRICT. 

physical  conditions.  Assnming  the  area  to  have  been  cot  off 
from  the  ocean,  then,  in  periods  of  drought,  the  saline  waters  of 
this  area  must  have  receded.  This  recession  would  leaye  the 
margins  of  the  inland  sea  or  lake  exposed  to  the  sun,  and  the 
footprints  of  the  huge  monsters  which  crossed  the  jet  soft  mad 
would  become  permanently  impressed  upon  it  as  it  became  in- 
durated  by  the  heat  of  the  sun.  A  subsequent  influx  of  water 
would  fill  them  up,  and  take  a  cast  of  the  impressions  by  the  sediment 
which  it  brought  with  it.  The  same  cause  which  made  the  waters 
recede  would  also  concentrate  them  by  evaporation.  Crystals  of 
salt  would  thus  be  left  upon  the  soft  mud,  which,  on  hardening, 
would  retain*  their  cubical  impressions ;  and  the  crystals,  being 
re-dissolved  at  a  later  period  by  an  influx  of  waters,  a  cast  of  the 
impressions  left  by  them  would  be  taken  by  the  sediment  and  pre- 
served to  us  in  the  pseudomorphs.  The  physical  conditions  of  this 
period  were  evidently  unfavourable  to  the  life  of  either  moUusks 
or  corals  ;  one  of  these  conditions  being  apparently  the  absence 
of  carbonate  of  lime  which  is  necessary  to  supply  material  for  the 
calcareous  exo-skeletons  of  the  former,  and  the  endo-skeletons 
of  the  latter.  Soft-bodied  creatures,  however — first-cousins,  many 
of  them,  to  the  toad — inhabited  the  adjoining  land,  and  as  they 
waddled  across  the  shores,  they  verily  left  their  ^*  footprints  on  the 
sands  of  [Triasstc]  times." 

In  studying  the  Triassic  rocks  in  this  part  of  the  world,  one 
seems  as  if  brought  face  to  face  with  a  blank — a  sort  of  desert 
— and  it  is  therefore  refreshing  to  get  beyond  these  geological 
wastes,  and  mount  to  the  horizon  where  they  pass  into  the  Jurassic 
series,  and  a  gradual  influx  of  numerous  forms  of  marine  life  is 
met  with. 

From  a  general  review  of  the  strata  included  in  this  paper  in  the 
Poikilitic  Series,  the  first  thing,  perhaps,  that  strikes  one  is  the 
cumulative  evidence  in  favour  of  the  views  above  referred  to, 
as  lately  expressed  by  the  Director- General  of  the  Survey,  relative 
to  the  conditions  under  which  the  red  and  variegated  strata  were 
deposited ;  and  the  power  of  accurate  generalization  displayed  by 
him  is  forced  upon  one  on  applying  hb  theory,  and  finding  it  fully 
verified,  in  a  particular  district. 

On  the  other  hand,  a  conviction  is  arrived  at  that,  while  the 
whole  period  marked,  in  the  district  under  review,  by  the  deposits 
that  occur  between  the  Coal  Measures  and  the  Jurassic  series,  was 
one  of  unrest ;  yet  we  look  in  vain  for  any  great  or  marked  dis- 
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locations  in  the  order  of  the  strata.  If  any  approach  to  this  is  to  be 
recognized,  it  is  at  the  horizon  which  marks  the  junction  of  the 
Bnnter  and  Kenper  formations,  where  perhaps,  even  in  England,  the 
Maschelkalk  is  not  entirely  unrepresented.  The  following  may  be 
taken  as  a  typical  section,  in  vertical  order,  of  the  Poikilitic 
strata  of  the  district : 


Fig.  6. 
1^  BhMiio. 


Upper  Eenper,  with  Sandetones  and  G^pflom. 


Lower  Eenper  (Wstentones). 
Breoda  (often  very  caloareouB). 
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Lower  Mottled  Sandatone  (Banter). 

Breccia. 

Bed  Sandstone,  generally  assigned  to  the  Permian. 


'r^^Z^^-r~^^y^^r^  \    ^^  *°^  Purple  Marls,  with  thin  bands  of  Limestone. 


ian  Limestone. 
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If  now  we  trace  out  the  physical  history  of  the  geological  age 
comprised  between  these  limits,  we  find  indicationl^  of  frequent 
oscillations  in  the  level  of  the  land  and  of  the  sea-bed,  relatively 
to  the  sea-level. 

The  Magnesian  Limestone  speaks  to  ns  of  a  deep  and  clear  sea 
where  the  dolomite  was  formed,  free  from  any  great  admixture  of 
earthy  sediment.  By  degrees  the  bed  of  the  sea  rose,  and  came 
within  reach  of  currents  which  had  the  power  of  transporting  fine 
mad,  but  not  the  coarser  ingredients,  of  sedimentary  masses  ;  and 
thus  the  red  and  purple  marls  were  formed.  The  formation  of 
these  was,  however,  intermittent,  so  as  to  allow  time  for  the 
formation  of  thin  bands  of  dolomite  at  intervals.  Then  followed 
a  time  when  the  bed  of  the  sea  had  so  far  risen  as  to  be  the 
receptacle  of  the  sandy  sediment  which  constitutes  the  material 
of  the  Upper  Permian  sandstones.  For  a  time  the  shore-line  must 
have  shifted  across  this  area,  and  along  this  shifting  line  the 
materials,  drifted  from  a  greater  or  lesser  distance,  were  deposited 
to  form  the  Cinder-hill  and  Kimberley  breccias.  Much  of  this, 
however,  must  have  accumulated  from  the  degradation  of  the 
adjacent  land. 

The  order  of  motion  was  now  reversed  for  a  space,  and  the 
deposition  of  the  sands  of  the  Lower  £unter  took  place.  The 
falsc-bcdding  prevalent  in  this,  and  the  sub- formation  next  above 
it,  has  been  already  pointed  out.  The  currents  during  the 
deposition  of  the  pebble  beds  and  conglomerates  must  have 
been  very  much  intensified  in  their  force  and  restricted  as 
to  the  area  within  which  they  acted.  A  subsequent  upheaval 
probably  exposed  these  recently-formed  beds  to  denuding 
agencies,  and  thus  they  supplied  the  materials  of  the  con- 
glomerates which,  as  we  have  seen,  frequently  form  the 
basement  of  the  Keupcr  series.  Then  followed  a  slow  and 
gradual  submergence,  daring  which  the  beds  of  sandstone  of  the 
Lower  Keuper  were  deposited  ;  a  submergence,  however,  which 
would  seem,  from  the  frequent  alternation  of  sandstone  and  marl, 
to  have  been  not  continuous,  but  intermittent. 

Finally,  in  the  still,  though  not  on  that  account  necessarily  very 
deep,  waters  of  the  inland  sslH  sea,  the  deep-red  marls  were  formed, 
until  at  length  the  barrier  which  shut  ofif  the  area  from  the  ocean 
was  removed  or  submerged,  and  the  state  of  things  which  marks 
Liassic  times  began.     The  passage  from  the  one  period  to  the  other. 
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marked  by  the  Rhietic  or  Penarth  Beds,  would  seem  to  have 
began  even  earlier.  Reference  has  been  already  made  to  the 
fisb-remains  occasionally  met  with  in  the  uppermost  Keuper  strata. 
In  the  mnseum  of  the  Nottingham  High  School  is  a  grey  slab 
from  that  horizon,  which  was  picked  ap  by  pne  of  the  pupils  in  a 
gypsum-quarry  at  Newark,  and  on  its  surface  the  pseudomorphs 
are  interspersed  with  scales  of  Gyrolepia.  Here  we  seem  to  have 
a  precursor  of  the  Rhaetic  ''  Bone-bed ;"  and  a  few  more  examples 
of  this  kind  would  lead  us  to  refer  the  grey  and  greenish  bands 
of  the  Upper  Keuper  to  occasional  inroads  of  oceanic  waters. 

RHiETIG   BEDS. 

The  persistency  of  these  beds  across  England  has  been  now 
pretty  well  made  out,  by  the  description  from  time  to  time  of 
different  portions  of  them«  About  seven  years  ago,  Mr.  Burton  of 
Gainsborough  described,  in  a  paper  read  before  the  Geological 
Society,  some  beds  of  this  series,  which  occur  near  that  town,  and 
had  then  been  brought  to  light  through  the  lowering  of  the  gradients 
of  the  Great  Northern  Railway.  About  the  same  time,  the  Rev. 
P.  B.  Brodie  described  some  outliers  of  these  beds  in  Warwick- 
shire. I  believe,  however,  that  until  quite  recently  no  sections 
had  been  described  between  these  two  places.  Some  time  ago 
Mr.  Etheridge,  of  the  Museum  of  Practical  Geology,  being  in  the 
neighbourhood,  detected  Rhsetic  strata  as  he  passed  them  in  the 
train  at  Elton,  on  the  Great  Northern  line,  the  bank  having  been 
recently  cut  back  to  enlarge  the  station  premises.  The  same 
gentleman  also  discovered  them  in  the  cutting  of  a  new  branch 
line  near  Leicester,  and  near  Barrow-on-Soar.  Encouraged 
by  these  facts,  I  prosecuted  the  search  along  the  line  of 
strike  of  the  Lias,  and  was  so  fortunate,  in  the  spring 
of  1873,  as  to  come  upon  some  gypsum  quarries  at  Newark, 
where  a  fine  section  of  Rhaetic  beds  is  exposed.  Two  of  the 
three  zones,  into  which  the  series  is  generally  divided,  are  well 
represented ;  and  the  passage  from  the  red  marls  below  is  well 
shown.  Above  the  gypsum  beds  described  in  the  last  section  of 
this  paper,  we  see  grey  and  greenish  lines  of  marl  intervening 
between  the  red  strata ;  the  former  gradually  thickening  and  the 
latter  thinning,  as  we  ascend  the  face  of  the  rock  in  the  quarry, 
until  finally  the  red  bands  disappear,  and  we  get  a  continuous 
stratum  of  the  hard  greenish  marls,  weathering  and  splitting  in  a 
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cnboidft]  manner,  and  constituting,  according  to  Bomc  anthora,  the 
lowennost  member  of  the  Rhetic  group.  The  line  of  demarcation 
between  the«e  and  the  black  '^  Papernshales,"  which  rest  upon  them, 
is  yerj  distinct :  here  and  there  a  thin  calcareous  band  occnm,  bnt 
I  have  not  succeeded  in  finding  the  "  Bone-bed."  These  thinly 
laminated  shales  haye  their  surfaces  extensirelj  coated  with  ferric 
oxide.  One  band  of  them,  onlj  a  few  inches  thick,  yields 
Pullastra  arenicola  and  Avicula  contorta  in  abundance,  and  I  bare 
no  doubt  that  the  shales  would  amply  repay  a  thorough  examina- 
tion from  top  to  bottom,  if  one  could  find  the  necessary  time. 
Here  then  we  have  the  following  section  : —  * 

Feet. 

2.  Black  Psper-Bbalei,  abonndinfr  along  a  oertain  band 
in  Avicula  contorta  and  PuUastra  arenicola    10 

1.  Orey  and  greeniBh  marls   15 

25 

The  "  White  Lias"  is  not  seen  in  situ,  but  fragments  of  a  similar 
stone  are  found  in  the  surface  soil  above,  and  are  exposed  by  the 
frequent  subsidences  that  have  ensued  upon  the  removal  of  the 
gypseous  strata  beneath.  The  cutting  of  the  road  from 
Newark  to  Leadenham  passes  through  the  shales,  where  they  lie 
on  the  eroded  surface  of  the  green  marls,  overlooking  the  Trent 
Valley,  so  that  they  arc  exposed  in  the  road-side. 

Fio.  7. 


^-        ^ MM. 

a. 

Line  of  Road, 
d.  Babbly  maM  of  distarbed  Paper-sbales,  much,  broken,  mingled  Kith  frag- 
ments of  Lias  limestone  and  Banter  pebbles, 
c.  Lower  Liaa. 
b.  Black  Paper- shales, 
a.  Greenish  and  grey  marls 

The  materials  marked  d  are  evidently  derived  from  the  shales  at  5, 
and  appear  to  have  been  carried  into  their  present  position  by  some 
abrading  force  such  as  an  ice- floe  might  exert,  while  another  force 

*  Since  the  pablieation  of  an  abstract  of  this  pAp«r  in  the  Geological  Maganae 
for  July  last,  Mr.  Horace  B.  Woodward,  of  the  Geolog^ical  Survey,  has  written 
to  state  that  he  and  his  ooUeagne  discovered  the  Bhsstio  Series  here  abont  the 
same  time  with  myself.  He  also  states  that,  on  having  an  old  lime-pit  in  the 
Lias  deepened,  he  found  the  uppermost  zone  of  the  scries  in  titu^  He  gives  the 
total  thioknesa  here  as  about  50  leei— €reol.  Ifofif.,  Oct.  1,  1874 
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brought  the  Banter  pebblee  to  the  spot.  Here  we  have,  then,  a 
*^  boalder-clay  '*  on  a  small  scale. 

Mr.  Teall,  B.A.,  F.G.S.,  of  St.  John's  College,  Cambridge, 
when  lecturing  for  the  University  in  Nottingham,  Leicester,  and 
Derby,  in  the  early  part  of  this  year,  noted  another  section  of  the 
Rhietic  Series  at  Spinney  Hill,  near  Leicester.  This  was  exposed 
by  the  extension  of  some  brick  yards.  The  following  statement 
was  famished  me  by  Mr.  Teall : — 

9SCnOV   OF   RHJBTIC   BEDS    NBAR    LEICBSTBR. 

Feet. 

a  BlMk  Paper-shmles 4  to  6 

2.  Soft  green  marlfl 20 

1.  Bed  and  greenish  marls  to  the  hase  of  the  quarry 

The  transition  from  the  Kenper  to  the  Rhietic  is  marked  here  also 
by  the  asaal  alternation  of  green  and  red  bands.  I  am  informed 
by  Mr.  Teall  that  Mr.  Harrison,  of  Leicester,  has  fonnd  in  these 
shales  Pecten  ValoniensiSj  Cardtum .  Bhceticum,  Avicula  contortOy 
and  FulUutra  arenicola ;  and  has  added  to  the  known  faona  of 
these  beds  a  species  of  star-fish. 

It  is  interesting  to  correlate  the  above  instances  with  others 
prerionsly  described  to  the  south  and  north  of  them ;  and  thus  to 
obserre  the  remarkable  persistence,  in  the  English  area,  of  beds, 
which|  though  limited  in  dimensions  here,  play  a  most  important 
part  in  continental  geology. 

THB   LIAS. 

This  formation  plays  but  a  subordinate  part  in  the  geology  of 
the  country  about  Nottingham,  until  we  get  into  Leicestershire 
and  the  Yale  of  Belvoir.  It  caps  the  hills  which  enclose  the 
Valley  of  the  Trent  on  the  south  side ;  whore,  from  East  Leake 
and  Bunny,  on  the  west,  it  stretches  away  to  the  north-east  into 
Lincolnshire.  It  extends  up  the  east  side  of  the  Soar  to  the  well- 
known  lime-pits  of  Barrow,  which  have  yielded  a  rich  harvest  of 
fii^h  and  amphibian  remains.  By  a  gentle  south-easterly  dip,  these 
strata  pass  beneath  the  Marlstone  of  the  Middle  Lias.  A  great 
part  of  the  Vale  of  Belvoir  is  a  dip  slope  on  the  surface  of  the 
Lower  Lias  strata.  The  drainage  of  this  area  is  generally  to  the 
north-east  into  the  Trent ;  most  of  the  streams  rising  at  the  foot 
of  the  Marlstone  escarpment,  which,  bold  and  richly  wooded,  faces 
to  the  north-west,  and  is  sarmounted  by  the  lofty  towers  of  Belvoir 
Castlei  that  oommai&d  a  view  of  the  valley  for  many  a  mile.     The 
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Marlstone  fonns    a    range   of   hills   whiclc^^ 
stretches    away    into    Lincolnshire,   and  is^'-^ 

penetrated   by   the   railway  from    Notting •'^ 

ham  to  Grantham.  The  Marlstone,  from  its 
porosity,  and  the  jointed  and  broken  condition 
of  its  strata  in  many  places,  resting  as  it  does 
npon  a  basement  of  clay  and  shales,  serves  a 
purpose  very  similar  to  that  of  the  Bnnter — 
as  a  reservoir  for  water  ;  the  brooks  of  the  dis- 
trict, therefore,  generally  spring  from  its  base. 
The  Marlstone  woald  no  doubt  very  well 
repay  working  to  one  who  could  command  the 
requisite  leisure.  In  the  one  or  two  sections 
I  have  seen  near  Bclvoir  Castle,  hard  calca- 
reous layers  occur  ;  and  these  abound  in  Rhyn- 
conella  tetrahedra  and  Terebratula  punctata. 
Bdemnites  and  ammonites,  both  in  a  frag* 
mentary  state,  are  also  frequently  met  with. 

The  dark  blue  clays  of  the  Upper  Lias  have 
been  recently  exposed  in  the  cutting  south  of 
Grantham  station.  Here  Leda  ovum^  Myacitea 
decurtata,  Ammonites  biJronSy  Ammonites  ser* 
pentinuSy  and  numerous  guards  of  belemnites 
were  picked  up.     Selenite,  too,  is  very  abun- 
dant ;  some  of  the  rhomboidal  crystals  being 
very  large  and  perfect,  though  it  frequently 
_  ^       also  occurs  in  long  plates.     The  clay  is  ex- 
^  I  £  ^   tensively  worked  for  bricks  in  the  neighbour- 
J  w  I  J   hood  of  Grantham. 

<g  ll  %  n  rj^g  relation  of  the  strata  in  this  direction 
§  ^  ;!  ;!  will  be  readily  seen  from  the  accompanying  dia- 
J  'S  I.  I.  gram,(Fig.8)  which  represents  a  section  drawn 
■^  2  p  P  along  the  Great  Northern  Railway  from  Not- 
r  v^  »•  Ts    tingham  to  Little  Ponton  beyond  Grantham. 

DRIFT   AND   ALLUVIUM. 

"Drift"  mav  be 


..a  ^ 
til 


The  *'  vnti "  may  De  seen  m  numerous 
places,  scattered  over  Uie  south  of  Notting- 
Those  places  where  I  have  observed  it  are,  how- 
ever, generally  upon  the  Bunter  formation.  Its  immediate  con- 
tact with  these  rocks,  and  the  similarity  of  its  contained  pebbles 
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to  those  of  the  Bnnter,  together  with  the  quantity  of  sand  of  the 
same  nature  as  that  of  the  rock  heneath — which  has  hcen  stirred  np 
and  mingled  with  the  pebbles  so  as  to  form  often  a  rude,  incipient 
bedding — ^point  to  a  time  when  this  drift  was  scattered  oyer  a  wide 
area  of  shallow  waters,  which  most  probably  occupied  a  great 
part  of  the  present  Trent  basin  in  the  Northern  Drift  period. 
This  we  might  expect  on  a  priori  grounds,  since  the  rocks  of  the 
Bunter  country  would  sufifer  denudation  faster  than  the  more  dis- 
tinctly stratified  marls  of  the  Eeuper ;  guarded  too  as  these  are 
by  the  more  compact  beds  of  sandstone.  Consequently  I  conceive 
that  the  patches  of  Drift — such  as  one  now  sees  upon  the  higher 
parts  of  the  Bunter  country,  as,  e,  g.,  above  Lenton,  between 
Beeston  and  Bramcote,  at  Annesley,  at  Cinderhill  above  thq  rail- 
way-cutting, at  New  Basford,  and  frequently  about  the  high 
ground  in  Nottingham  itself — are  but  the  remains  of  what  was 
once  much  more  widely  distributed  ;  and  that  much  of  this  has 
been  removed  subsequently  and  carried  down  into  the  Trent 
Valley,  where  thfi  extensive  low-level  gravels,  such  as  are  found  at 
Beeston  and  ISawley,  testify  to  the  vast  power  of  running  water 
that  has  been  exerted  in  this  district  in  Post-Pliocene  times. 
Farther  proof  of  the  erosive  action  of  running  water  is  found 
on  examination  of  the  valley  of  the  Leen.  This  stream 
rises  iki  a  low  ridge  known  as  Robin  Hood  Hills,  to  the 
south  of  Mansfield.  At  the  present  time,  its  course  is  due 
south,  until  it  emerges  upon  the  valley  of  the  Trent  ;  and 
(before  its  present  artificial  channel  was  constructed  for  it  by  the 
monks  of  Lenton  Priory,  along  the  foot  of  the  Castle  Rock)  it 
flowed  across  the  alluvial  plain  into  the  Trent,  converting  the 
meadows,  on  a  large  portion  of  the  estate  of  that  fraternity,  into 
useless  and  unhealthy  swamps.  The  valley  of  this  river  seems  to 
have  attracted  both  Saxon  and  Danish  settlers  in  early  historic 
iimeSy  of  which  we  find  traces  in  the  Norse  suffix  of  the  name 
lAa-bif,  and  the  Teutonic  suffix  of  the  name  Len-ton.  The  upper 
portion  of  the  valley  through  which  this  stream  flows,  for  the 
greater  portion  of  its  course,  appears  at  first  sight  to  have  been 
originally  a  bay,  scooped  out  of  the  soft  Bunter  rocks,  since  it  is 
surrounded  by  these  on  the  east,  north,  and  west,  with  an  opening 
only  to  the  south.  Tlie  Bkegby  Hills  shut  it  off  from  the 
Erewash  Valley.  That  this  is  the  result,  however,  not  of  marine, 
bat  of  fluviatile  action,  will  appear  from  several  considerations : — 
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( 1 .)  We  find  several  outliers  of  Bunter,  such  as  the  one  mentioned 
above,  at  Cinderhill ;  aud  this  one  has  only  been  severed  from  the 
main  mass  of  the  Buntcr  formation  by  the  Leen  Valley ,  which  at 
BulwcU  and  Basford  becomes  narrowed,  while  the  stream  flows  at 
the  former  place  over  Permian  marl,  at  the  latter  over  the  Lower 
Bunter.  Had  the  nppcr  part  of  the  Leen  Valley  been  already 
formed  by  marine  agency,  it  may  fairly  be  assumed  that  the  river 
would  have  flowed  round  the  western  side  of  these  ouUiars,  and 
not  have  severed  them  from  the  rocks  of  the  same  formation  lying 
to  the  east. 

(2.)  On  walking  over  the  country  in  the  upper  part  of  the 
Leen  Valley,  where  the  sub-soil  is  Permian,  and  the  soil  itself 
often  nothing  but  Permian  marl,  one  finds  Bunter  pebbles  so 
thickly  strewn  upon  the  surface  as  to  cause  great  inconvenience  to 
the  farmer,  who  is  glad  to  have  them  removed  from  his  fields  for 
road-mending.  While,  therefore,  the  slow  erosive  action  of  rain  and 
running  water  has  removed  the  sandy  matrix  in  which  these 
pebbles  and  small  *^  boulders  "  were  once  embedded,  it  has  not  been 
able  to  remove  them  far  from  the  positions  in  which  they  were 
deposited  in  Bunter  times ;  except  to  allow  them  to  subside  to  a 
lower  level,  until  the  process  of  denudation  was  arrested  by  the 
more  tenacious  Permian  strata,  which  stretch  across  all  the  upper 
portion  of  the  Leen  Valley,  and  upon  which  the  pebbles  and 
**  boulders  "  now  lie. 

For  the  above  reasons,  I  believe  that  the  result  of  the  latest 
marine  action  upon  the  country  occupied  by  the  part  of  the  Trent 
Basin  east  of  the  Pennines,  was  to  piane  off  in  a  rough  maimer  the 
surface  of  the  land ;  and  that  the  deeper  features  which  exist  at 
present — including  the  Erewash  and  Leen  valleys,  and  even  the 
Trent  Valley  itself  for  a  great  part  of  its  course — have  resulted 
from  the  subsequent  action  of  sub-aerial  agencies.  And  in  this, 
it  will  be  remembered,  1  have  but  attempted  to  follow,  by  parity  of 
reasoning,  the  argument  by  which  one  of  the  foremost  of  living 
physical  geologists  has  explained  the  structure  of  the  Weald.* 
Among  the  minor  features  of  the  landscape  which  date  their  com- 
mencement from  such  a  time,  would  come  probably  the  Hemlock 
Btone,  and  Hie  hills  adjoining  it,  with  their  pebbly  caps.  The 
Castle  Rock  too,  mnst,  I  think,  have  then  begtin  to  stand  out  in  relief; 
and  it  is  within  the  range  of  rational  conjecture  that  a  stream  from  the 

•  Bamaay's  "  Physical  Qeology  and  ae;>grapby  of  Great  Britain."    Ch.  viii. 
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north  (perhaps  draining  the  present  area,  at  a  higher  lerel,  of  the 
Leen  itself),  may  have  flowed  down  what  is  now  Park  Vallej,  into 
the  Trent.  However  that  may  be,  the  Castle  Hock,  with  its  hard 
conglomeratic  beds,  would  prove  a  formidable  obstacle  to  the  north- 
easterly flow  of  the  Trent  waters,  when  the  chiselling  down  into 
ihe  Kenper  strata  had  once  commenced ;  and  this  would  sufficiently 
aoconnt  for  the  eastward  deflection  of  the  present  Trent  Valley 
from  its  general  north-easterly  course,  which  is  to  be  seen  at  the 
present  day. 

There  is  much  obscurity  about  the  the  time  when  the  waters  of 
the  Trent  basin  began  to  converge  towards  their  present  main 
artery,  and  to  form,  according  to  Prof.  Ramsay,  a  tributary, 
or  tributaries  of  the  Rhine.  According  to  recent  speculations  by 
the  same  gentleman,  we  must  not  go  farther  back  than  Miocene 
times  for  this.  So  that  between  that  period  and  the  deposition  of  the 
Trent  alluvium,  we  must  place  the  gradual  recession  of  (1)  the 
Chalk  escarpment,  which  now  forms  the  western  face  of  the  Lin- 
colnshire Wolds ;  (2)  the  Oolite  and  Lias  escarpments,  which  are 
now  parallel  with  the  valley  on  its  eastern  side ;  and  (3) 
the  erosion  of  the  marly  strata  of  the  Upper  Trias,  through  which 
the  Trent  now  flows.  The  Trent  basin,  formerly  at  a  higher  level, 
probably  had  several  outlets  to  the  east ;  and  two  of  these  have 
been  widened  and  deepened,  contemporaneously  with  the  sculp- 
turing of  the  features  of  the  basin  itself,  so  as  to  form  the  present 
passages  through  the  Oolite  escarpment,  which  are  occupied,  the 
one  by  the  Humber,  and  the  other  by  the  Witham  at  Lincoln. 

The  recent  age  of  The  Alluvial  Deposits  of  the  Trent  is 
shown  by  the  discovery  of  bones  of  recent  Mammalia  in  several  ex- 
cavations near  Nottingham.  At  Wilford,  in  sinking  the  shaft  for 
the  coal-pit,  they  were  found  lying  at  the  bottom  of  the  alluvium, 
25  feet  from  the  present  surface  of  the  ground.  It  is,  perhaps, 
to  those  pre-historic  times,  when  mighty  floods  spread  across  the 
valley  and  deposited  the  present  low-level  gravels — before,  too, 
the  river  had  cut  its  present  channel  into  the  Alluvial  Deposits — 
that  we  must  refer  the  construction,  by  a  troglodyte  race,  of  the 
cave-dwellings  which  penetrate  the  whole  southern  face  of  the 
rock  that  overlooks  the  valley  at  Nottingham.  So  striking  a 
feature  did  these  present  to  the  earliest  English  settlers,  that,  as 
we  have  seen,  they  named  the  town  from  them.  A  little  later,  the 
Vikings  made  the  Trent  (the  "  Humber,"  they  called  it)  their 
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highway  into  the  heart  of  the  country,  where  they  established  a 
confederacy  of  commonwealths — the  "  Five  Boighs,"  of  which 
three  were  in  the  Trent  Basin.  In  their  stronghold  npon  the 
Nottingham  Rock,  they  made  a  successful  stand  against  the  most 
powerful  of  the  Saxon  kings  (Edward  the  Elder)  ;  and  their  pre- 
dominance here  for  several  centuries  has  scarcely  yet  lost  its  in- 
fluence u[)on  the  linguistic  and  other  characteristics  of  the  popu- 
lation. Forming,  as  it  did,  for  a  long  time,  the  frontier  of  the 
ancient  kingdom  of  Northumbria,  the  Trent  must  have  acquired 
in  early  times,  political  importance ;  and  to  this  day,  as  Mr. 
Carlyle  has  reminded  us,  the  successors  of  the  primeval  Trent 
bargemen  (believers  in  Odin  and  Aegir)  preserve  to  us  a  fragment 
of  the  old  mythology  in  the  name  they  give  to  a  peculiar  dan- 
gerous swell  to  which  the  river  is  subject ;  the  word  "  Eager  " 
still  surviving  *^  like  the  peak  of  a  submerged  world.*' 

At  the  close  of  a  review,  however  imperfect,  of  a  district,  in  its 
natural  aspect,  one  can  scarcely  refrain  from  taking  a  glance  at 
its  human,  and  consequently  the  most  intensely  interesting,  asso- 
ciations. Around  the  ancient  borough  of  Nottingham  as  a 
nucleus,  a  large  and  continually-increasing  population  has  accu- 
mulated, mingling  in  its  blood,  as  in  its  provincialisms,  traces  of 
more  than  one  race  of  bygone  times.  Though,  like  its  Bunter 
rock,  the  good  old  town  of  Nottingham  is  formed  out  of  materials 
derived  from  a  variety  of  sources,  its  elements  have,  like  those  of 
the  rock,  on  which  its  ancient  fortress  stood,  been  none  the  less 
coherent ;  and  to  this  day  there  is  a  remarkable  public  spirit 
among  the  people — an  esprit  founded  on  Nottingham  associations 
— which  reminds  a  stranger  almost  of  the  spirit  which  permeated 
the  old  clans.  This,  combined  with  the  well-known  impetuosity 
of  the  people  upon  political  questions — resembling  the  rush  of 
their  noble  river — has  led  some  to  compare  them  with  the  itiftoT 
of  ancient  Athens.  And  what  better  can  one  wish  for  them  than 
that,  while  they  eschew  the  vices,  they  may  emulate  the  virtues,  of 
that  people  in  the  best  times  of  its  history  I 

NOTE   ON   THE    FLORA   OF   THE    DISTRICT. 

The  study  of  a  flora  increases  in  interest  when  an  attempt 
is  made  to  correlate  it  with  the  geological  formations.  Al- 
though this   has   been    attempted   to    some   very   small  extent, 
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it  reqnireSy  in  order  to  carry  out  the  plan  to  any  con- 
siderable degree  of  development,  a  far  more  minute  and 
detailed  acquaintance  with  the  distribution  of  the  flora  of  the 
district  under  review  than  the  limited  time  at  my  disposal  has  per- 
mitted me  to  acquire.  An  attempt  of  this  kind  was  made  some 
time  ago,  under  the  auspices  of  the  Literary  and  Philosophical 
Society  of  Nottingham,  but  little  progress  has,  as  yet,  beein  made. 
The  commoner  species  of  the  Orders  Ranunculacea?,  Cruciferaa, 
Oeraniacete,  Violaceas,  Caryophylleae,  Rosacea?,  Compositae,  Scro- 
phularineae,  LabiataB,  Borragineas,  EuphorbiaceaB,  Amentiferae, 
Primulaceae,  Liliace^e,  Cyperaceas,  and  Gramineae,  do  not  appear  to 
be  yery  partial  in  the  selection  of  sites  for  their  growth,  and  are 
distributed  generally  over  the  various  formations ;  their  distri- 
bution depending  upon  local  accidents  of  habitat,  or,  in  some 
cases,  upon  cultivation.  In  other  instances,  however,  the  case  is 
different,  and  the  species  are  more  localised. 

Of  Ranunculaceae,  Aquilegia  vulgaris  grows  wild,  I  believe,  only 
in  one  place,  and  that  on  the  limestone  at  Linby ;  while  Caltha 
palttstriSy  of  the  same  Natural  Order,  is  generally  found  flourishing 
in  the  moist  alluvial  flats  of  the  Trent,  the  Leen,  and  the  Ere- 
wash.  The  latter  is  true  of  Cardamine  pratensiSj  among  Crucifers, 
while  Draha  verna  prefers  the  Bunter  country,  and  is  commonly 
found  growing  on  the  weathered  surface  of  the  rock  itself. 

Among  Caryophylleae,  the  Lychnis  is  decidedly  partial  in  its 
growth  ;  the  red  species  {diwma)  favouring  the  red  marls,  and  the 
white  species  {yespertina),  so  common  in  the  Chalk  districts  of  the 
South  of  England,  favouring  the  limestone  country  also  here. 
-L.  /loS'CoctUi  is  common  only  in  the  alluvial  flats.  Of  the  genus 
^ilene,  S.  nutans  (the  "  Nottingham  catch -fly ")  is  indigenous 
on  the  Castle  Rock  ;  while  S.  in/lata  seems  to  prefer  the  Permian 
«Qd  Coal  Measure  country. 

Oxalia  acetosella  has  a  decided  preference  for  the  strong  clayey 
«oil8,  whether  of  the  Coal  Measures  or  of  the  Red  Marl  series. 

.Among  Rosaceae,  I  am  acquainted  with  two  species  of  the  genus 

^<e«im ;  of  these,  Geum  urbanum  is  to  be  found  with  its  yellow  star- 

ifee  flowers  peering  out  under  every  hedgerow  in  the  month  of 

<^O.xie  ;  while  G,  riyale  is,  I  believe,  confined  to  moist  places  on  the 

*^^<i  Marls,  the  limestone  country,  and  the  alluvium  of  the  Trent. 

^axifraga  granulata  flourishes  equally  on    the    Coal  Measure, 

^^^uter,  and  Keuper  districts. 
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Of  the  genng  Campanula,  C,  roiundifolia  prefers  the  high  and 
dry  grounds  of  the  Bunter.;  while  C  trachelium  appears  to  be 
confined  to  the  limestone. 

Lathrea  squamaria  I  know  only  as  growing  at  Linby  on  the 
limestone  district. 

The  so-called  *'  Forget-nxe-not,'*  sold  in  quantity  in  the  Not- 
tingham flower-market,  is  not  the  species  Myototis  palustrU 
(the  true  flower  of  that  name),  but  the  smaller  species,  M. 
arvensisy  whicli  is  very  common  on  most  of  the  country  about  here. 

Of  the  genus  Primula,  P,  verts  is  so  plentiful  on  the  high 
grounds  of  the  Keuper  that,  with  the  country  people,  ''  Cowslip 
Sunday,"  as  it  is  called,  is  (as  I  am  told)  a  sort  of  annual 
*'  outing,"  in  order  to  collect  the  flowers  for  the  purpose  of  making 
an  inferior  sort  of  wine. 

Among  Orchidaceas,  Listera  ovata  (Twayblade)  grows  on  Per- 
mian, Coal  Measure,  and  Keuper  soils ;  Orchis  Morio,  0,  mcucula 
and  0.  fnaculata  on  the  Red  Marl  country;  Oph-ys  musci/era  and 
0.  apifera  on  the  Magnesian  Limestone  at  Linby. 

One  species  of  Irideas,  Crocus  vernus  grows  profusely  in  the 
"  meadows  "  of  the  Trent  Valley  ;  and  in  the  early  spring  they 
present,  with  their  robe  of  purple,  a  most  attractive  appearance. 

Paris  quadnfolia  flourishes  both  at  Linby  and  on  the  Bed  Marls 
at  Lambley. 

Some  of  the  caverns  of  the'  Church  Cemetery  have  their  walls 
almost  brilliant  from  a  vegetable  coating  which  grows  upon  them. 
It  is  not  a  lichen,  but  a  very  small  plant  of  the  order  Musoi 
("Phosphorescent  moss"  is  its  popular  name).  The  delicate 
minute  fronds  of  this  plant  allow  the  passage  of  a  portion  of  the 
solar  rays ;  while  another  and  somewhat  larger  proportion  is  re- 
flected from  their  glabrous  surfaces.  The  moss  is  consequentlj 
luminous,  whether  viewed  by  a  person  looking  into  the  cavern,  or 
towards  its  mouth,  though  somewhat  more  so  to  the  former  than 
to  the  latter. 

Railways  have  done  much  for  the  introduction  of  plants  into 
new  districts.  In  the  cour  se^  of  their  construction  new  soils  are 
formed  along  the  lines  of  the  embankments;  while  the  sub- 
sequent traffic  scatters  a  variety  of  seeds,  which  often  are  noi 
slow  to  attain  a  luxuriant  growth  in  their  new  habitats. 
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VISIT  TO  THE  BRITISH  MUSEUM. 

March  24th,  1874.     • 

I>£w^^etors : — Professor  Maskbltnb,  F.R.S.,  and  Professor  Morris 

F.G.S. 

On  assembling  at  the  Mnsenm,  the  Members  proceeded  to  the 
^^ixieralogical  Department,  where  they  were  received  by  the  Chief 
o^  ^lie  Department,  Professor  Maskelyne,  who  described  a  portion 
o^  t\i^  collection  under  his  charge,  especially  noticing  .the  rock- 
foinxiing  minerals. 

16  Tarioos  forms  of  Silica,  uncombined,  notably  Rock  Crystal, 

;,  and  Opal,  were  first  noticed,  and  the  splendid  collection  of 

Is  illustrating  this  group  of  minerals  received  due  attention. 

le  Earthy  Carbonates  were  subsequently  described,  and  after 

directing   attention  to  the  Homblendic  and  Augitic  groups^  which, 

iQ^     oommon  with  every  other   class  of  minerals,   are  admirably 

i^pi'^sented  in  our  great  National  Museum,  the  Professor  dwelt 

the  similarity  of  these  two  gfoups  of  minerals,  which  yet 

characterised  by  important  differences. 


EXCURSION  TO   OXFORD. 

April  6th  and  7th,  1874. 

Directors: — Professor  Phillips,   F.R.S.,   F.G.S.,    &c., 
and  James  Parker,  Esq.,  F.Q.S. 

^^^pori  5y  W.  H.  Hudleston,  Esq.,  M.A.,  F.G.S.,  and  Jambs 

Parker,  Esq.,  F.G.S.) 

The  paity»  consisting  of  numerous  Members  from  the  metropolis, 

^^d  seyeral  from  other  parts  of  England,  met  in  the  New  Univer- 

T^^y  Museum  at  noon.     They  were  there  most  cordially  received  by 

*^fe88or   Phillips,   who   at    once    proceeded    to    announce    the 

^^"^^gramme  for  the  day. 

This  was   a  preliminary  sketch   in  the  Lecture-room  by  the 

*^Tofes8or  on  the  geology  of  the  Middle  Oolites,  as  developed  in 

^e    neighbourhood  of  Oxford  ;    demonstration  by  the  Professor 

^^   the  local  collection  in    the  Museum   illustrating  the  above; 

Wch  at  the  Professor's  private  residence ;    a  walk  to  Shotover, 

^^er  the  guidance  of  Mr.  Parker ;  tea  and  conversazione  at  the 

rrofessor's  private  residence  in  the  evening. 

On  the  assembling  of  the  party  in  the  Lecture-room,  an  exten- 

H 
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siye  colonred  diagram  of  the  celebrated  8hotoyer  seotion  greatly 
facilitated  the  expositioa  of  the  Professor's  views,  and  enabled 
Members  to  form  a  good  idea  beforehand  of  the  country  they  were 
to  yisit  in  the  afternoon. 

A  very  brief  abstract  of  Professor  Phillips'  remarks  may  not  be 
out  of  place.  They  were  delivered  with  singular  clearness  and 
effect,  and  thereby  afforded  to  those  Members  of  the  Association 
who  were  fortunate  enough  to  be  present  on  the  occasion  a  rare 
opportunity  of  learning,  from  the  great  master  of  Mesozoic 
geology  himself,  some  of  the  more  salient  geologic  features  of 
that  country  in  which  he  has  dwelt  so  long.  *'  The  valley,  in 
which  Oxford  is  situated,  is  cut  down  to  the  Oxford  Clay/ 
but  there  is,  in  most  of  the  valleys^  a  quantity  of  low  level 
gravel,  which,  in  the  promontory  between  Thames  and  Gherwell, 
on  which  the  city  stands,  attains  a  depth  of  from  8  to  20  feet. 
In  composition  it  is  mostly  oolitic,  but  with  some  admixture 
of  materials  from  the  high  level  gravel,  which  is  often  found 
capping  the  plateaux  of  the  district.  These  materials  are  chiefly 
quartzites,  felstones,  and  grits — flints  are  also  found.  Elephants' 
teeth  are  abundant.  Therefore  at  a  time  when  these  gravels, 
which  are  of  fluviatile  or  lacustrine  character,  were  deposited, 
great  herds  of  elephants  must  have  roamed  over  the  slopes 
bordering  on  the  valleys  of  that  district.  There  is  no  river  action 
of  the  present  Thames  now  in  force  which  would  produce  such  a  do- 
posit.  The  Oxford  Clay  hereabouts  is  of  great  depth,  but  appears  to 
contain  little  or  no  trace  of  the  Kelloway  Rock^  which,  in  Wilt- 
shire on  the  one  side,  and  in  Yorkshire  on  the  other,  forms  such  a 
rich  and  characteristic  fossiliferous  zone  towards  the  base  of  this 
series.  Fossils  are  not  particularly  plentiful  about  Oxford — there 
are,  however,  several  species  of  Ammonites,  At  a  brickyard  in  SU 
Clements,  a  suburb  of  the  city,  many  specimens  of  Ammonites 
vertebralis  may  be  obtained.  This  is  towards  the  top  of  the 
formation.  It  is  succeeded  by  the  Calcareous  Grit,  about  70ft. 
thick,  a  loose  sandy  rock,  in  parts  cemented  by  carbonate  of  lime. 
The  Coralline  Oolite,  or  Coral  Rag,  which  succeeds,  is  about 
50ft.  thick,  and  extremely  full  of  fossils,  especially  of  corals. 
Amongst  these  Thecosmilia  annularis  and  Isastrcea  explanata  are 
very  numerous.  From  the  position  in  which  these  masses  are  now 
found,  it  is  not  probable  that  they  represent  actual  coral  reefs, 
such  as  are  at  present  growing  in  enormous  vertical  proportions  in 
the  Indian  and  Pacific  Oceans ;  but  rather  that  they  are  the  result 
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of  drifted  masses,  like  the  Bermnda  reefs,  partiallj  grown  oyer 

by   other   corals   and  much   frequented  by   Gasteropoda.      The 

£chinodermata  of   this    forQiation    are    well    known    for  their 

l)eanty,  but  specimens  are  not  so  plentiful  as  in  Wiltshire  and 

Yorkshire.      The  spines   of    Cidaris  florigemma    are    plentifully 

^scattered  about  at  Bullingden,  <&c.,  and  some  fine  specimens  of 

Cidaris  SmUhii  are  occasionally  obtained.     Bracbiopoda  are  re- 

T^narkably  rare;    but  there  is  a  goodly  list  of   ordinary  bivalves 

>^nd  univalves.     Lima   and   Pecten  are  well   represented.     Lima 

Uaviuscula  being  remarkably  fine  and  characteristic.     Chemnitzia 

— Heddingtonensis  is  most    conspicuous     amongst    the    univalves. 

Eimmeridge  Clay,  about  100ft.  in  thickness,  rests  immediately 

^opon  the  hard  Coralline  Oolite,  the  surface  of  which  appears  to 

^i)e  water  worn ;   a  few   feet  above   the  junction  there  is  a  thin 

•^Uilcareous  band.     In  the  lower  part  occur  selenite  crystals  of 

^^ood   size,   clear   and   well  formed  ;    the    upper  parts   are  the 

::ino8t   fossiliferous,   and    abound   with   the   remains   of    saurians. 

Ostrea  deltoidea  is   throughout    the    most   characteristic   fossil. 

The  Portlandian  beds,  which   succeed,  consist  mainly  of  sands, 

•^Kcasionally   glauconitic,   in  which   occur  huge   lumps  of  stone, 

seeming  to  be  for  the  most  part  concretions  round  organic  objects. 

Numerous  Portlandian  fossils  occur  in  these.     It  is  a  remarkable 

circumstance  as  indicating  the  recurrence  of  a  species,  apparently 

extinct,  that  the  beautiful  little  Littorina  muricata,  so  characteristic 

of  the  Coralline  Oolite,  should,  after  the  lapse   of  the   entire 

IBjmmeridgian  period  in  this  region,  reappear  as  a  Portlandian 

fossil.     There  seems,  however,  to  be  more  than  one  instance  on 

xecord  of  its  occurrence  in  the   Kimmeridge  Clay  itself.     The 

Portland   8ands  are  the  last  marine  beds  of  the  Oolitic  System 

on  Shotover   Hill.      They   are   covered,    without   any   apparent 

^disturbance  of  the   sea-bed,  by  about  80ft.  of  the   '^  Ironsand- 

series,"   the   Oxfordshire   equivalent  of   the  Wealden,  deposited 

P''obably   near   the  rim   of  the   basin.     Unio  and  Paludina   are 

®f    not  un frequent   occurrence,   though  not   likely   to   be  found 

^hen  no  especial,  excavations   are  going  on.     A  fern  leaf   was 

•ccidentally  picked  up  by  Mr.  Brodie,  and  handed  over  before  the 

▼alne  of  the  prize  had  been  noticed.     On  another  occasion  Mr. 

^•rker  had  caused   some  excavations  to  be  made  in  a  field  at 

^e  top  of  the  hill,  when  he  stumbled  on  some  very  fine  Unioa. 

"^ese  beds  contain  a  considerable  quantity  of  ochre,  but  in  the 

oc^  pits  little  of  importance  seems  to  have  been  found.     The 
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iron  ores  are  probably  too  siliceons  to  be  of  mnch  economic  yalae." 
Professor  Phillips  concluded  bis  remarks  by  showing  the  great 
amount  of  denudation  which  the  Oolitic  and  Wealden  beds  had 
probably  undergone  in  some  places  before  the  deposition  of  the 
marine  beds  of  Lower  Qreensand  age,  and  instanced  as  a  proof  of 
this  the  accumulations  at  Potton. 

The  Professor  then  proceeded  to  point  out  in  the  Museum  those 
portions  of  the  collection  illustrative  of  his  lecture.  Amongst 
many  interesting  fossils  are  some  beautiful  examples  of  Ammonites 
catena f  a  large  ammonite  (most  probably  A.  perarmatus)  out 
of  which  the  shelly  matter  having  been  dissolved,  the  casts  of 
the  chambers  hang  loosely  together  like  the  links  of  a  chain. 
These  specimens  are  from  the  Calcareous  Grit  of  Marchana. 

After  enjoying  the  Professor's  hospitality,  the  party,  under  the 
direction  of  Mr.  Parker,  proceeded  in  the  direction  of  Shotover  to 
verify  the  sections  just  described,  and  did  not  return  to  Oxford 
till  long  after  dark.  Mr.  Parker  had  coloured  geologically  a 
4-inch-to-a-mile  diagram  of  the  district  traversed.  By  the  aid  of 
this,  and  of  Mr.  Parker's  explanations,  the  party  had  no  difficulty 
in  making  out  the  geological  bearings  of  the  country  previously 
described,  as  seen  in  the  numerous  pits  and  quarries  on  the  route 
from  Oxford  to  the  top  of  Shotover  hill.  The  party  spent  the 
rest  of  the  evening  with  Professor  Phillips. 

On  the  following  day,  an  early  start  was  made.  Professor 
Phillips  personally  conducted  the  party  to  Charlbury,  and  was  ably 
assisted  by  Mr.  Parker,  who  served  out  to  each  member  a  litho- 
graphic map  of  the  valley  of  the  Evenlode,  on  a  scale  of  4  inches 
to  a  mile,  coloured  geologically.  These  maps  were  made  by 
Mr.  Parker,  for  the  purposes  of  this  excursion. 

The  plan  of  the  excursion  was  to  walk  from  Charlbury  to 
Handborough,  a  distance  of  7  miles  from  W.  to  E.  In  the  course 
of  this  stroll,  starting  from  the  Lower  Lias,  the  following  forma- 
tions might  be  observed,  viz. : — 

Ft.  In. 
Marlstone 16     0 

Upper  Lias 10     0 

Inferior  Oolite .         .• 12     0 

rStonesfield  Slate 
Great  Oolite  <  Great  Oolite 

/Forest  Marble 

Combrash         ...*...       6     0 


r 
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On  commencing  to  walk  back  from  the  Charlbury  station^  along 
the  Hne,  the  party  fonnd  itself  in  a  cutting  of  Inferior  Oolite,  and 
the  Members  immediatelj  proceeded  to  hunt  for  fossils.  The 
Oolite  here  is  a  pale  yellow  ragstone  containing  a  fair  number  of 
shellsy  belonging  to  the  Clt/peus-gnt,  which  is  probably  the 
topmost  member  of  the  A.  Parktnsoni-zone.  Terebratula  Globata, 
(suhgloho8a?),Rhync1umeUa  concinna,  MyaciUs  Jurassi,  Pholadomya 
media  (Ag,),  Homomya  gibbosa,  and  Clypeus  Ploiii  may  be  regarded 
as  of  frequent  occurrence  in  these  beds.  Besides  these,  several 
others  were  found,  as  Greslya,  another  species  of  Pholadomya^ 
Oatrea  crassa.  Ammonites  Parkinsoni,  ^c.  Some  paler  coloured  and 
more  fissile  limestones,  which  in  some  parts  of  the  cutting  are 
observed  to  set  in  just  above  the  ragstones,  Professor  Phillips 
was  disposed  to  refer  to  the  base  of  the  Great  Oolite.  These 
seem  to  have  yielded  one  or  two  teeth  of  Acrodus  ?  to  some  of  the 
party.  A  slight  fall  in  the  line  on  leaving  the  cutting,  leads  to 
lower  beds  opposite  Fauler,  where  the  Marlstone  is  being  ex- 
carated  for  ironstone.  Here  there  is  a  fine  section,  exhibiting 
the  Marlstone,  Upper  Lias,  and  Inferior  Oolite,  one  above  the 
other,  in  most  striking  contrast. 

The  whole  section  cannot  exceed  40  feet;  this  is  all  that 
represcAts  beds,  attaining  at  Cheltenham  (30  miles  to  the  west),  a 
thickness  of  600  feet.  The  Upper  Lias  consists  of  blue  sandy 
clays,  not  known  to  contain  fossils,  and  on  this  rests  the  yellow, 
rabbly  Inferior  Oolite.  A  most  remarkable  feature  here  is  a 
thin  bed  of  rolled  shells  and  pseudo-pebbles,  like  the  Dogger  of 
the  Yorkshire  coast,  and  occupying  an  analogous  position.  Instead, 
howcTcr,  of  Terebratula  trilineatay  the  chief  shell  here  is  Ehyn~ 
chonella  tetrahedra,  of  large  size.  This  bed  occurs  exactly  between 
the  top  of  the  Upper  Lias  and  the  base  of  the  Inferior  Oolite. 
It  seems  to  partake  of  the  colour  and  nature  of  the  latter. 

The  party  now  bid  farewell  to  Professor  Phillips,  who  found  it 
necessary  to  return,  and  proceeded  in  the  direction  of  Stonesfield, 
under  the  gpiidance  of  Mr.  Parker.  The  slaty  beds  of  this 
portion  of  the  Great  Oolite  occupy  some  highish  ground  between 
Fauler  and  Stonesfield.  Mr.  Parker  pointed  out  the  method  of 
winning  the  slate.  This  is  done  by  means  of  pits,  into  which  the 
workmen  descend  to  the  bed  whence  the  slate  is  extracted  in 
galleries  only  a  few  feet  thick.  Piles  of  debris,  the  results  of  ages 
of  work,  encumber  the  hill  side.     By  far  the  most  characteristic 
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fossil  is  Trigonia  impressa ;  Oervillia  acuta  is  also  far  from  scarce. 
The  party  picked  up  several  good  things,  and  amongst  others,  t 
portion  of  a  bone  of  a  pterodactyl  Rhamphorhynchus  Bucklandi^ 
was  found. 

One  or  two  of  the  more  adyenturous  of  the  party  descended  by 
means  of  a  rope  and  loose  ladder  to  the  bottom  of  one  of  the  '^  wells," 
to  see  the  nature  of  the  workings.  On  arriving  at  the  village  of 
Stoncsfield,  some  little  time  was  spent  in  looking  over  the  specimens 
which  the  workmen  brought.  The  scene  from  any  of  the  numerous 
eminences  is  a  very  striking  one.  The  enormous  heaps  of  broken 
slates  over  which  the  grass  does  not  grow  meet  the  eye  in  every 
direction.  From  the  time  of  the  Romans,  throughout  the  Middle 
Ages,  the  stone  has  been  the  chief  roofing  material  throughout  the 
district ;  but  in  consequence  of  the  railway  communication,  it  has 
found  a  serious  rival  in  the  Welsh  slates,  the  extensive  use  of 
which  threatens  to  put  an  end  to  the  working  of  the  pits  here. 

The  party  then  descended  by  the   eastern  valley,  close  to  the 

line  of  the  old  Akeman  street,  and  regained  the  railway.      Here 

some  fine  sections  of  Great  Oolite,  representing  beds  in  the  aggregate 

from  80  to  40  feet  in  thickness,  were  visible.     The  characteristic 

Qreat  Oolite  fossils  were  not  abundant^  but  a  bed  of  marl  at  one 

spot  produced  large  quantities  of  Nerincea  (two  species,  N.  Eudesii 

and  N,  Voltzii)  and  a  small  Aatarie.   A  few  specimens  of  Terehratula 

maxillata  were  found,  but  the  remarkable  bed  of  this  brachiopod 
which  occurs  at  Elirtlington  is  wanting,  or  at  least  is  not  exposed. 

The  section  along  the  railway  is  very  interesting,  but  very  difficult 

of  interpretation.    Going  along  the  line  one  meets  with  what  appear, 

at  first  sight,  vast  curved  escarpments,  with  the  Evenlode  winding 

along  the  base,  and  so  passing  and   re-passing  the  railway  line. 

The  strata,  however,  so  far  as  they  can  be  observed,  are  almost 

horizontal,  and  the  scries  of  clifis  (which  have  a  general  direction 

of  north  to  south,  while  the  main  line  of  the  Evenlode  is  west 

to  east)  must  be  accounted  for  in  some  other  manner. 

The  party,  leaving  the  rail,  spent  a  short  time  in  examining  the 

remains  of  a  Roman  Villa.     The  outline  of  the  chief  quadrangle 

can  be  traced,  though  the  foundations  of  the  buildings  are  grassed 

over.     One  chamber  alone  remains  tolerably  perfect,  with  a  very 

fine  large  tesselated  floor,  and  a  hypocaust  beneath,  and  remains 

of  the  flues  within  the  wall^  especially  by  the  side  of  a  kind  of 

alcove,  at  the  north-west  comer.     A  curious  bath- chamber  was 
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•Iso  examined,  where,  besides  what  was  probably  a  cold  bath, 
remains  of  a  small  carved  chamber,  with  flues  round  it,  seemed  to 
point  to  the  luxary  of  what  we  now  call  a  "  Turkish  Bath,**  but 
which  appears  to  have  been  introduced  here  by  some  Boman 
officer  of  considerable  wealth.  The  shells  of  the  edible  Roman 
snail  (Helix  pomaiia)  were  found  in  great  abundance.  One  of 
the  large  Boman  capitals,  the  mouldings  of  which  appeared  as  if 
only  cut  ten  years  ago,  was  examined,  and  it  was  decided  that 
it  was  cut  from  a  large  block  of  Bath  Oolite. 

Within  half-a-mile  of  Handborough  Station  the  Great  Oolite 
was  lost,  and  was  succeeded  by  the  clays  and  shelly  limestones  of 
the  Forest  Marble.  These  were  admirably  exposed.  The  surface 
exhibited  traces  of  fish,  e,g,  palates,  teeth,  and  scales.  A  few 
shells,  but  as  a  rule  imperfect.  A  thick  bed  of  grey  argillaceous 
shalefi,  about  10  feet  (not  fossiliferous)  separated  these  beds  from 
the  yellow  rubble,  above  which  is  the  Combrash,  and  which 
nowhere  exceeds  six  feet  in  thickness.  It  did  not  in  this  place  yield 
many  fossils,  but  several  specimens  of  the  characteristic  Terebra^ 
tula  intermedia  were  found  scattered  about. 

The  party  reached  Oxford  about  5  o'clock,  and  there  dispersed  ; 
a  few  Members,  however,  mustered  in  the  evening  at  Mr.  Parker's 
house,  and  inspected  a  portion  of  his  cabinet  of  fossils,  chiefly 
those  which  belonged  to  the  district  they  had  traversed  during 
the  two  previous  days. 

Postscript. — This  excursion  of  the  Association  to  Oxford  will 
always  have  a  melancholy  significance  for  those  who  took  part  in 
it.  None  who  heard  the  words  and  witnessed  the  vigorous  actions 
of  the  veteran  geologist  who  led  the  party  through  the  Charlbury 
Cutting,  could  have  anticipated  that  fatal  stumble,  which,  not 
quite  three  weeks  afterwards,  deprived  the  Geologists*  Association 
of  a  kind  friend,  and  the  world  at  large  of  an  earnest  and  philo- 
sophic inquirer  after  truth. 
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ORDINARY  MEETING,  April  10, 1874. 

Henry  Woodward,  Esq.,  F.R.8.,  F.G.S.,  &c.,  President,  to 
the  Chair. 

The  following  Donations  were  announced  : — 

"Abstract  of  Proceedings  of  the  Geological  Society;"    from- 
that  Society.  • 

"  Transactions  of  the  Woolhope  Nataralists'  Field  Clnb,  1869  ;*' 
from  that  Society. 

**  Transactions  of  the  Historic  Society  of  Lancashire  «nd 
Cheshire  ;"  from  that  Society. 

"  Transactions  of  the  Manchester  Geological  Society,**  Vol.  xiii, 
Part  3.  ;  from  that  Society. 

"  Report  on  the  Exploration  of  the  Brixham  Cave,"  by  J. 
Prestwich,  F.R.S.,  F.G.S. ;  from  H.  W.  Bristow,  Esq.,  F.G.8. 

"  The  Archetype  and  Homologies  of  the  Vertebrate  Skeleton," 
by  R.  Owen,  F.R.S.,  F.G.8.,  &c. ;  from  W.  H.  Leighton,  Esq., 
F.GS. 

**  The  Geometrical  Isomorphism  of  Crystals,*'  by  the  Rev.  W. 
Mitchell,  M.A. ;  from  the  Victoria  Institute. 

"  List  of  Works  on  the  Geology  of  Cambridgeshire,"  by  W. 
Whitaker,  B.A.,  F.G.S.,  &c.;  from  the  Author, 

The  following  were  elected  Members  of  the  Association  :— > 

I 

Thomas  Hay  ward  Budd,  Esq.;  William  Thomas  Hustwitt,  Esq.; 
William  Wicks,  Esq. ;  Herbert  J.  Pratt,  Esq. ;  Gnstayns  Francis 
W.  Larches,  Esq.  ;  Bernard  Barham  Woodward,  Esq. ;  John 
Nicholas  Carey,  Esq.  ;  William  D.  Latouche,  Esq. ;  and  Noel  Wi 
Reedston  Read,  Esq. 

The  following  Paper  was  read : — 

On  the  Dawn  and  Development  of  Life  on  the  Earth. 

By  the  President,  Henry  Woodward,  Esq.,  F.R.S.,  F.G.8., 

of  the  British  Museum. 

In  '*  the  East,'*  that  wonderful  cradle  of  the  human  race, 
towards  whose  sunrise  we  turn  to  find  the  dawn  at  once  of 
Civilization  and  Romance,  Nature  exhibits  herself  in  all  the 
exuberance  of  her  vitality,  both  of  plant  and  animal.  The  summer 
and  the  rainy  season  unite,  with  no  intervening  period  of  spnng 
and  autumn.     SeasonSi  like  days,  spring  suddenly  into  full-blown 
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<]evelopment.     Night  is  succeeded  by  day  without  dawn,  and  day 
l>j'  night  without  the  lingering  hues  of  eve. 

What  wonder,  then,  that  our  ideas  of  Cro^tion,  derived  as  they 
undoubtedly  were  from  Oriental  tradition,  should  take  the  form  of 
'Uic  opening  of  subtropical  life  rather  than  of  our  more  graduated 
-temperate  zone ;  or  that  we  should  read  of  man  and  all  animate 
creation  springing  suddenly  into  being  from  the  rainy  waste  of 
cliaos,  each  and  all  fally  developed,  as  we  behold  them  to-day  1 

'*  Nothing  was  in  being/*  say  the  old  men  of  an  Indian  tribe. 
^^  All  was  null  and  void  ;  there  was  no  sky,  no  earth,  no  sea,  no 
shore ;   suddenly  seven  warriors  found  themselves  seated  on  the 
edge   of  a  lake,  smoking  the  calumet  of  peace,  and  their  wives 
were  already  working  in  the  wigwams.''     No  legend  can  more 
vividly  bring  before  us  the  notion  that  man  has  passed  his  infancy 
18  if  in  a  dream.     If  for  a  moment  we  recall  our  own  early  re- 
collections, we  shall  generally   find  they  carry  us  back  to  some 
erent,  or  place,  or  person,  which  filled  our  dawning  intelligence, 
to  the  exclusion  of  all  else,  and  beyond  which  we  are  unable  to 
peer  through  the  mist. 

Taming  from  the  consideration  of  our  own  impressions,  — which, 

after  the  minutest  self-investigation,   would,  unassisted   by   the 

guidance  of  friends  older  than  ourselves,  simply  land  us  at  the 

same  conclusion  arrived  at  by  Topsy — "  spect  I  growed  " — ^let  us 

learn  how  far  History  traces  back  the  ancestry  of  our  race  and  the 

changes  of  the  world  we  dwell  in.     Alas !  written  documents  do 

not  carry  us  back  more  than  thirty  or  forty  centuries,  whilst  the 

most  ancient  remains  of  edifices,  built  at  any  previous  epoch,  which 

also  may  be  called  "  archives  of  stone y*^  date  back  perhaps  2000 

years  earlier ;  but  far  beyond  this  short  historic  period,  which 

scarcely  comprises  the  lapse  of  one  hundred  and  fifty  generations, 

extends  a  space  of  time,  certainly  far  longer,  known  to  us  only  by 

pure  tradition.     Mankind,  already  arising  from  its  infancy  to  a 

more  enlarged  self-conscioasness,  had  begun  to  link  age  to  age  by 

l^ends,  poems,  and  symbolic  formulae.     The  reminiscences  of  great 

^enU,  migrations,  wars  of  races,  alliances,  exterminations,  and 

triumphs  of  industry  were  incorporated  into  religion  itself,  and  in 

^  increasingly  varied  form  were  handed  down  from  age  to  age  as 

^«  beritage  of  nations.* 

*  Heehu :  Englidh  edition,  edited  by  H.  Woodward.    *'  The  Ocean,  Atmosphere, 
^  life,"  Section  u.,  page  190. 
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In  still  more  ancient  times,  in  the  dim  mist  of  bygone  ages,  oar 
ancestors  lived  the  life  of  wild  beasts  in  forests  and  cares. 

Tradition,  no  less  than  history,  is  dumb  as  to  this  epoch  of  the 
human  race ;  but  by  the  labours  of  the  geologist^  we  are  beginning 
to  learn  somewhat  concerning  the  habits  and  customs  of  these 
earliest  ancestors  of  ours  so  long  unknown  to  us. 

If  then  History  and  Tradition  cannot  relate  these  earlier 
chapters  in  the  infancy  of  mankind,  but,  like  the  efforts  to  recall 
the  events  of  our  childhood,  are  arrested  by  want  of  memory  from 
telling  us  more,  how  powerless  are  they  to  inform  us'of  those  long 
lapses  of  ages  when  the  lower  animals  already  peopled  this  earth 
of  ours — animals  whose  life-history  probably  extended  over  tens  of 
thousands  of  generations  before  Man,  the  proud  ruler  of  the  earth, 
appeared  upon  the  scene  of  his  conquests  I 

How  then  can  we  ever  hope  successfully  to  trace  the  dawn  of  life 
upwards  to  its  source  through  that  long  yista  of  ages  comprised  in 
the  life  of  our  planet,  in  comparison  to  which  man's  whole  existence 
is  but  as  a  thing  of  yesterday  7  Truly  the  accomplishment  of  such 
a  task  seems  at  first  sight  far  more  remote  in  prospect  than  the 
discovery  of  the  sources  of  the  Nile. 

What  records  can  we  search  7  What  monuments  explore  7 
Has  earth  no  sepulchre  for  the  mighty  save  those  erected  by  man 
to  commemorate  his  short-lived  fellows  7  Not  so  ;  every  quarry 
by  the  road-side,  every  cbalk-pit  and  brick-field  are  but  so  many 
mausolea,  in  which  repose  the  hosts  of  living  beings  which  peopled 
earth,  air,  or  sea,  in  the  old  time,  and,  like  the  piled-up  coffins  in 
some  ancient  cemetery,  they  rise  one  upon  another  until  they 
culminate  in  the  snow-capped  peaks  of  the  Himalayas  and  the 
Andes,  beside  which  the  proud  pyramid  of  Cheops  seems  but  aa  a 
mole-hill. 

Let  us  pry  into  this  mighty  charnel-house  of  Earth's  great 
family,  and  strive,  by  the  light  which  science  lends  us,  to  decipher 
some  of  the  hieroglyphics,  which  tell  to  those  who  cai^  read  them 
aright  the  life-history  of  our  globe.  And  here  a  wonderful  his« 
torical  parallelism  presents  itself  to  our  minds  between  the  early 
records  of  mankind  and  those  of  the  earth's  life-history ;  for  just 
as  the  comparative  labour  of  the  palaeographer  increases  the  farther 
he  carries  his  researches  back  into  the  remote  past,  encountering 
in  turn  Roman,  Greek,  Etruscan,  Phoenician,  Egyptian,  and 
Assyrian  characters,  so  in  like  manner  the  palaeontologist  paaaea 
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gradually  from  the  consideration  of  forms  differing  bat  little,  if  at 

all,  from  those  living  around  him  to-day,  until  he  finds  himself 

5uiToanded  by  a  fauna  and  a  flora,  which,  though  broadly  related 

to  oar  own,  yet  differs  so  much  in  every  detail  that  he  fails  at  once 

to  perceive  that  it  has  auything  in  common  with  that  now  existing. 

Yet    comparative  anawomy.  dnd  comparative  botany  teach  us  that 

^11  the  types  of  past  life — ^like.  {h^'^fjlj  alphabets  and  symbols  in- 

^v^ented  by  mankind— can  be  broifgli^  ijitto  accord  and  correlated 

'^ith  existing  types,  and  that  in  each  cass'ogM  system  of  classifica- 

don  is  capable  of  embracing  the  whole. 

In  order  rightly  to  understand  the  records  of  Earth-^s.mroiuijn^ts, 
^we  must,  in  the  first  place,  call  in  the  geologist  to  expFain-^  i^a 
^ticli  physical  facts  as  are  needful  for  us  to  become  acquainted  With 
before  attempting  to  read  its  organic  remains  aright,  each  one  of 
^which  may  be  looked  upon  as  a  hieroglyphic  symbol  which  the 
pftlseontologist  aims  at  deciphering. 

C*rom  the  geologist  we  learn  that  the  great  storehouses  wherein 
"tlie  life-relics  of  the  earth's  past  inhabitants  lie  embalmed  are  the 
sedimentary  rocks.  He  tells  us  that  these  have  resulted  from  the 
^vrear  and  tear  carried  on  by  meteoric  agents  of  all  those  portions 
of  the  earth's  surface  elevated  above  the  general  ocean  of  the 
^lobe.  We  thus  learn,  that  from  the  very  beginning  of  life  on  the 
earth  there  must  have  been  areas  of  depression  and  areas  of  eleva- 
't.ion  on  our  planet ;  the  former  occupied  by  the  waters  of  the  ocean, 
^nd  the  latter  forming  continents  and  islands  exposed  to  all  the 
Uiflnences  of  sun  and  wind,  frost,  snow  and  ice,  rain  and  rivers, 
'withoot  which  no  sedimentary  deposits  could  have  been  formed. 
AioreoTor,  from  an  inspection  of  the  organic  remains  themselves, 
preserved  in  the  various  rocks,  we  find  that  there  were  in 
former  ages  terrestrial  plants  and  animals  as  well  as  fresh- watei 
WLikd  marine  forms  of  life,  although  the  evidences  of  the  last-named 
-t  jpes  are  by  far  the  most  abundant. 

Thus  in   the  ancient  submerged   Forest-bed  on  the   Norfolk 

Coasts  in  the  Brick-earths  of  Ilford  and  Grays,  in  the  Valley  oi 

ilM  Thames,  and  in  the  London  Clay,  we  have  abundant  evidence 

of  old  land  conditions,  the  first  being  preserved  as  a  land-deposit, 

ibe  second  as  a  fluviatile  one  ^*  almost  in  situ,**  the  last  named 

Mug  an  ettnarine  or  near-shore  deposit^  formed  at  the  embouchure 

of  aome  large  river,  probably  flowing,  as  the  Nile  does  at  the 

pnwnt  day,  from  near  the  Equator  in  a  north-easterly  direction, 
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watering  a  continent  once  occupying  a  part  at  least  of  the  present 
site  of  the  Atlantic,  and  perhaps  embracing  within  its  extent  the 
Gape  Yerd  Islands,  the  Canaries  and  Azores^  all  of  which  are 
Yolcanic,  and  mark  an  area  of  disturbance  and  oscillation  of  level 
which  may  have  been  more  than  once  elevated  and  again  sab- 
merged  in  very  modem  times. 

But  although,  as  already  stated,  these  latter  sedimentary  deposits 
afford  remains  of  aninonals  a^d* plants,  which,  with  few  exceptions, 
differ  but  little  frOm  those  of  the  present  day,  yet  it  must  be  borne 
in  mind  that  their  geographical  distribution  has  been  greatly 
modi&e^L  For  instance,  referring  back  to  the  Norfolk  Forest-bed 
-'and:'  the  Brick-earth  of  the  Thames  Valley,  we  find  abundant 
eyidence  in  the  remains  of  elephants,  rhinoceroses,  hippopotami, 
&c.,  that  the  Eastern  Counties  were  stocked  with  herds  of  quite 
another  order  from  those  which  now  occupy  our  pastures. 

Again,  in  the  Suffolk  and  Antwerp  Crag  are  preserved  immense 
stores  of  the  bones  of  whales  and  other  Cetacea,  also  remains  of 
the  huge  Dinothen'um,  with  tapirs  and  other  land  quadrupeds ; 
whilst  in  the  London  Clay  we  have  relics  of  abundant  subtropical 
vegetation,  evidenced  by  palm-wood  and  fruits,  with  remains  of 
numerous  extinct  genera  of  animals,  such  as  the  PalcBothermm, 
Anoplotherium^  and  Xiphodon,  allied  to  the  Tapir,  Horse,  Hyrax, 
&c.,  with  many  birds,  including  a  large  struthious  bird  of  the  size 
of  the  living  Ostrich  (Dasomis  Londiniensis)^  and  an  aquatic  bird 
with  dentigerous  mandibles,  the  Odontopteryx  toliapicua  ;  whilst  the 
shores  of  the  estuary  and  sea  into  which  these  remains  of  terrestrial 
life  were  carried  was  the  home  of  Crocodilia,  Chelonia^  and  sharks ; 
with  a  Molluscan  fauna  rich  in  volutes  and  other  sea-snaOs,  and 
teeming  with  nautili,  squids,  and  cuttle-fishes,  like  the  wanner 
subtropical  seas  of  the  present  day. 

We  have  in  the  Eocene  series  in  this  country  only  a  trace  of  the 
great  Nummulitic  formation  which  plays  a  far  more  conspicuous 
part  than  any  other  Tertiary  rock  in  the  solid  framework  of  the 
earth's  crust.  On  the  Continent  it  becomes  a  great  limestone  for- 
mation, and  attains  a  thickness  of  many  thousand  feet,  rising  in  the 
Swiss  Alps  to  a  height  of  10,000  feet  above  the  sea.  It  occurs  also 
in  the  Pyrenees,  and  extends  from  the  Alps  to  the  Carpathians,  and 
is  in  full  force  in  the  North  of  Africa,  as,  for  example,  in  Algeria 
and  Morocco.  In  Egypt,  the  quarries  in  this  rock  near  Cairo 
furnished  the  Pharaohs  with  building-stone  for  the  Pyramids.*    It 

Hflcodotni  miiiook  the  nammaliteB  in  the  limestone  of  the  Fjmtmidi  for  beam. 
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extends  into  Asia,  and  across  Persia^  by  Bagdad,  to  the  mouths  of 
the  Indus.  It  occurs  in  Cutch,  and  in  the  mountain  ranges  which 
Separate  Scinde  from  Persia,*  and  forms  the  passes  leading  to 
Cabool.  In  Thibet  it  has  been  found  at  an  elevation  of  1 6,500 
feet  aboye  the  sea,  and  it  has  been  followed  as  far  as  Eastern 
Bengal  and  the  frontiers  of  China. 

These  vast  masses  of  strata  hare  resulted  almost  wholly  from  the 
accumulation  of  the  shells  of  Foraminifera,  one  of  the  lowest  forms 
of  animal  life  belonging  to  the  Protozoa,  and  to  the  same  class  as 
tine  Eozoon  Canadense,  to  be  alluded  to  presently. 

Beneath  these  Tertiary  beds,  which  partake  most  largely  of  the 
xms  of  life  we  see  around  us  to-day,  we  come  upon  a  set  of 
.ta  known  as  the  Cretaceous  series,  the  thickest  bed  of  which  is 
e  Chalk,  which  at  some  places  attains  a  depth  of  more  than  a 
onsand  feet,  and  coyers  an  area  as  great  as  that  of  Europe.f 
From  certain  prevalent  organisms  found  in  it,  such  as  shells  of 
sters,  ammonites,  nautili,  starfishes,  and  echinoderms,  bones  and 
etk  of  fishes,  geologists  rightly  conclude  it  to  be  a  truly  marine 
posit. 

Bat  of  what  is  the  great  bulk  composed  7     Is  it  merely  a  finely 
inminuted  white  mud  ? — for  such  it  seems  to  be  to  the  unassisted 
No  ;  when  washed  and  examined  beneath  the  microscope,  we 
>id  it  to  consist  almost  wholly  of  two  distinct  species  of  minute 
"^^^nisms. 

The  general  mass  of  it  is  made  up  of  very  minute  granules ;  but 
Uubedded  in  this  matrix  are  innumerable  bodies,  some  smaller,  some 
Wger,  but  on  a  rough  average  not  more  than  a  hundredth  of  an 
inch  in  diameter,  having  a  well-defined  shape  and  structure.  A 
cubic  inch  of  some  specimens  of  chalk  may  contain  hundreds  of 
thousands  of  these  bodies,  compacted  together  with  incalculable 
millions  of  the  granules. 

The  larger  bodies  when  separated  prove  to  be  each  one  a  beauti- 
fully constructed  calcareous  fabric  made  up  of  a  number  of  cham- 
berSy  communicating  freely  with  one  another.      The  commonest  of 

*  A  giguitio  oral  Nnmmiilite  (as  large  as  a  hen's  egg),  named  Lopvaia  Peraica 
by  Messrs.  Carpenter  and  Brady,  was  obtained  in  abundance  by  W.  K.  Loftns, 
Ksq.,  in  1840*52  (daring  the  progress  of  the  oommission  appointed  to  demark  the 
Tnrko-Persian  Frontier),  at  Kellapstnn  Pass  near  Dti  Ptilom  Bakhtiyari 
HonBtaiDS,  Persia.— Phil.  Trans.  1869,  p.  789,  pi.  77-80. 

f  In  the  youngest  bed^  the  Maestricht  Chalk,  we  find  the  Mosataurus,  a  great 
Kiard  with  formidable  laws,  which  once  inhabited  theralley  of  the  Meuse.  The 
Leiod4m,  Owen,  from  the  Upper  Chalk  near  l^orwich,  is  olosely  allied  to  the 
Jfasofaunit. 
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these  is  called  Globigerina,  and  sometimes  seems  to  oompose  nearly 
the  entire  mass  of  the  chalk. 

In  the  soundings  carried  oat  hj  Captain  Dayman,  R.N.,  in 
connection  with  the  laying  of  the  submarine  cable  between  Ireland 
and  Newfoundland,  it  was  ascertained  that  almost  the  whole  floor 
of  the  great  central  plain  of  the  Atlantic,  more  than  1000  miles 
across  from  East  to  West,  and  which  extends  for  many  hundred 
miles  in  a  North  and  South  direction,  is  covered  (at  a  depth  of 
1700  fathoms)  by  fine  mud,  which,  when  brought  to  the  surface, 
dries  into  a  greyish -white  friable  substance  resembling  soft  grey 
chalk.  When  examined  under  the  microscope,  it  proves  to  be 
composed  of  innumerable  GlobigerincB  (together  with  Diatoms) 
imbedded  in  a  granular  matrix. 

Thus,  then,  this  deep-sea  mud  is  substantially  like  the  Chalk. 
Professor  Huxley  (upon  whom  the  task  devolved  of  examining 
these  deep-sea  soundings)  was  surprised  to  find  the  *'  granules  "  of 
the  mud  in  which  the  Globigerince  abound  had  a  definite  form  and 
size.  He  named  these  bodies  coccoliths,  but  doubted  their  organic 
origin.  Dr.  Wallich,  who  accompanied  Sir  Leopold  M'Clintock, 
in  1860,  in  the  cruise  of  H.M.S.  "Bull-dog,"  verified  these 
observations  of  Huxley,  and  added  the  interesting  discovery  that 
not  unfrequently  bodies  similar  to  these  coccoliths  were  aggre- 
gated together  into  spheroids,  which  he  termed  coccospherea. 

Mr.  H.  C.  Sorby,  F.R.S.,  in  making  a  careful  microscopic  ex- 
amination of  the  Chalk,  observed,  as  Ehrenberg  had  done  before 
him,  that  much  of  its  granular  basis  possesses  a  definite  form. 
Comparing  these  formed  particles  with  those  of  the  Atlantic 
soundings,  he  found  the  two  to  be  identical ;  and  thus  proved  that 
the  Chalk,  like  the  ooze,  contains  these  mysterious  coccoliths 
and  coccosphereSy  as  well  as  the  shells  of  Globigerince,  Professor 
Huxley  has  since  traced  out  the  development  of  the  coccoliths 
from  a  diameter  of  y^g^y  of  an  inch  up  to  their  largest  size,  which 
is  about  -reVxT'  ^"^  °^  longer  doubts  that  they  are  produced  by 
independent  organisms,  which,  like  the  Globigennce^  live  and  die 
at  the  bottom  of  the  sea,  at  a  depth  of  two  miles  beneath  the  sur- 
face. 

There  seems  then  to  be  good  ground  for  the  conclusion  that  the 
Chalk  itself  is  the  dried  mud  of  an  ancient  deep  sea,  and,  like  the 
present  ooze  of  the  Atlantic,  has  been  slowly  accumulated  in  the 
abysses    of  the  ocean.      We  thus  see  that  the  Chalk  and  the 


DBYBLOPMBirr  OF  LIFE  OH  THE  EARTH.  105 

T^ummulitic  Limestone  are  both  largely  formed  of  the  dead  shells 
of  Foraminifera  accamulated  in  deep  and  wide  oceans,  which  once 
^uid  again  occupied  the  site  of  the  present  Old  World  continent. 

Bat  the  Ohalk  famishes  remains  of  many  organisms  besides 

JPoraminifera.    It  has  afforded  relics  of  some  of  the  largest  of  those 

:K"emarkable  flying  lizards,  the  Pterodactylea,  at  present  met  with ; 

rhilst  the  lower  beds  have  also  yielded  one  of  the  latest  forms  of 

^oid -lizards.* 

Thas  we  have  already  extended  our  researches  back  sufficiently 
to  have  met  with  three  extinct  Orders^ — the  Pterosaur iay  the 
*lesio8auria,  and  the  Dinosaurta, — ^which  are  only  known  to  as  in 
fossil  state. 

The  succeeding  Greensand,  Neocomian,  Wealden,  and  Purbeck 

eries  yield  us  many  more  types  of  these  extinct  fossil  Reptilian 

>nns,   and   exemplify   in   a  remarkable  degree   the  changes   in 

limate,   and    consequently   in  geographical    distribution,  which 

lost  haye  taken  place  to  enable  such  animals  to  flourish  in  this 

'-^^^  ^oantry. 

The  rare  shells  of  Pleurotomaina^^  as  also   Brachiopoda,  were 

[ceedingly  well  represented  in  the  Oolitic  and  Cretaceous  rocks. 

Tor  do  we  find  many  new  Orders  in  the  Oolitic  series  with  which 

re  are  not  already  made  acquainted  in  the  more  modem  Cretaceous 

^Dd  Tertiary  formations.     The  most  interesting  form  is  that  of  the 

-^rchceopteryx^  a  bird  with  a  remarkable  un -avian  development  of 

its  caudal  vertebrae,  and  possessing  free  wing-digits  armed  with 

daws.     The  head  of  this  bird  is  wanting,  but  from  the  more  recent 

discoveries  of  remains  of  extinct  birds  by  Professor  0.  C.  Marsh, 

in  the  Cretaceous  beds  of  Kansas,  we  may  reasonably  presume 

that  these  earlier  birds  probably  possessed  mandibles  armed  with 

teeth.^ 

The  short-necked  and  massive  Pliosaurus,  which  occurs  both  in 
the  Portland  Stone  and  the  Kimmeridge  Clay,  affords  us  another 
type  of  those  ancient  and  extinct  sea-lizards  once  so  numerous  in 
the  seas  of  the  Mesozoic  epoch ;  whilst  the  remains  of  the  great 
Cttiosaurus  and  Megalosaurus  testify  to  the  magnitude  of  the  land- 
reptiles  of  these  Secondary  rocks. 

*  AcamihophalU  horridru^  Huxley. 

f  One  UTing  example  has  been  obtained  from  the  Weet  Indies,  and  was  valned 
by  Mx  Damon  at  £50.  400  species  are  known  in  a  fossil  state  extending  from  the 
Lower  SUmrian  to  the  Chalk. 

X  Profenor  Marsh  has  disooyered  two — Ichthyomis  dispar,  Marsh,  and  Apa 
lorms  celer.  Marsh,  both  from  Kansas,  U.S.A. 
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Bat  whilst  the  Reptilia  daring  the  Mesozoio  or  Secondary 
Period  increased  enormonsly  on  the  face  of  the  earth,  and  in  the 
waters,  hoth  in  size  and  nnmbers,  so  as  to  have  caased  this  period 
to  be  called  '^  the  Age  of  Reptiles,"  the  Mammalia  were  apparently 
reduced  to  a  few  minute  forms  of  Insectivorous  Marsopials,  known 
to  us  only  from  a  rare  series  of  their  lower  jaws  discovered  in  the 
Purbeck  beds  and  Stonesfield  Slates,  the  largest  of  which  was  no 
bigger  than  the  living  Opossum.*  Yet  in  speaking  of  the  huge 
reptiles  of  the  Old  World,  of  whose  colossal  size  we  gather  a 
notion  from  the  cases  containing  their  bones  in  the  British 
Museum,  and  from  the  plaster  restorations  in  the  grounds  of  the 
Crystal  Palace  at  Sydenham,  how  apt  we  are  to  overlook  the  fact 
that  the  largest  animals  of  the  present  day  far  exceed  in  size  those 
of  any  previous  epoch!  Where  shall  we  find  a  fossil-lizard,  whether 
of  the  land  or  sea,  to  vie  with  the  great  "  Finner  Whale  "  of  our 
own  day? — hugest  of  beasts  that  live,  or  ever  have  lived,  dis- 
porting his  eighty  or  ninety  feet  of  bone,  muscle,  and  blabber, 
with  easy  roll  among  the  waves,  secure  from  shipwreck  in  the 
stormiest  sea. 

The  great  class  of  Mammalia  then  to  which  we  belong  not  only 
includes  all  the  higher  orders  existing  at  the  present  day,  bat  also 
the  largest  living  beings^  for  the  huge  fish-like  Cetacea  are  trae 
warm-blooded  air-breathers  like  ourselves,  and  are  as  assiduous  in 
the  care  of  their  young  as  is  the  tenderest  human  mother. 

In  the  Lias  we  meet  with  another  type  of  extinct  sea-lizard,  the 
Ichthyosaurus,  the  remains  of  which  have  been  largely  preserved 
in  England,  especially  at  Lyme  Regis,  at  Street,  at  Barrow-on- 
Soar,  and  Whitby. 

This  is  the  most  fish-like  of  the  lizards  of  the  Mesozoic  period, 
and  must  have  been  a  veritable  shark  amidst  the  smaller  fry,  to 
judge  by  his  terrible  jaws  armed  with  hundreds  of  conical  teeth. 
Indeed,  the  contents  of  his  stomach  betray  even  a  cannibal 
tendency,  for  when  an  hungered,  he  seems  occasionally  to  have 
stayed  his  appetite  till  dinner-time  with  three  or  four  baby 
Ichthyosaurs  au  naturelf 

The  great  feature  of  the  Mesozoic  age  was  no  doubt  its 
Ammonites ;  but  besides  these  it  had  a  rich  assemblage  of  Trigonics, 
a  shell  now   only   found  living  on   the   coasts   of  Australia,  of 

•  See  Profeseor  Owen's  Monogropk  on  the  Mesozoio  Mammalia,  PaL  Soo.  1871, 
vol.  xxiv.  pi.  i— iv. 
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X^^r^hraiulm  and  Ehynehonellas^  of  Gidaridas^  and  of  that  beantifnl 
fox-en.  of  Orinoid  the  "Bradford  Pear-encrinite '*  Apiocrinites 
JF^^MT'Jtinaoni ;  and,  lastly,  of  king-crabs  and  other  Crustacea,  with 
clz*skg^on-flie8  and  Cjcadaceous  plants.  In  the  Vertebrate  Classes 
i^  bad  its  Chimseroid  sharks,  with  palatal  crushing  teeth  ;  its 
Py onodont  fishes ;  its  Ichthyosauria,  Pleaioaauriay  Pterosauria,  and 
'i%^3auria ;  its  long-tailed  birds  ;  its  all  but  oldest  Mammalia  jet 


From  this  wonderful  and  rich  display  of  life-forms  we  next  pass 

o^v^er  a  long'  series  of  dreary  almost  unfossiliferous  red  sands  and 

nxi^rls  charged  with  gypsum  and  rock-salt,  chiefly  remarkable  for 

tl&e  scanty  evidences  of  another  lost  Reptilian  Order  Ltxbyrmtkodonta, 

li^^lped  out  by  abundance  of  foot-tracks  of  quadrupedal  and  bipedal 

i^ptiles,  and  some  perhaps  of  birds  (?).    Some  exceedingly  minute 

^GG'tla.  have  also  been  obtained  near  Stuttgart,  which  are  considered 

^y    Rt>fessor  Pleininger  to  be  those  of  a  very  small  mammal, 

^^^led  Microlestes  antiquus^  believed  to  have  been  a  minute  plant- 

®^ting  marsupial. 

In  the  Muschelkalk  a  curious  fossil,  determined  by  Professor 

^en  to  be  a  saurian  and  named  Placodua  (originally  referred  by 

^^^nster  and  Agassiz  to  the  class  Pisces),  has  been  met  with,  which 

^^  palatal  teeth,  and  fed  no  doubt  on   shell-bearing  MoUusca,. 

^^^  crushing  which  its  broad  flat  teeth  seem  well  adapted.     This 

^^^Uchelkalk  also  yields  a  beautiful  form  of  stone-lily  {Encrinus 

^^^iiformis),  also  another  genus  of  the  Class  Cephalopododa  allied 

*^  AmmoniUy  named  Ceratites. 

Here  geologists  draw  the  line  between  Palaeozoic  and  Neozoic. 
The  latest  Palfeozoic  formation  is  the  Permian,  a  series  of  rocks 
^ot  rich  in  fossils,  but  marked  in  this  country  by   limestones 
^ch  in  magnesia,  often   forming  concretionary   masses  termed 
**  botryoidal,"  and  largely  developed  in  Carinthia,  where  these 
I^olomitic  limestones  form  vast  pillar-like  mountains,  which  have 
Wn  compared  to  ancient  coral  reefs  dolomitized  and  changed  to 
Btone,  and  lifted  high   and  dry  out  of  the  sea,  like  some  big 
^^k  cast  ashore,  to  tell  of  their  former  submergence.     These 
Pennian-beds  are  also  largely  copper-bearing  in  Germany,  par- 
ticularly in  Thuringia.     Productua    horridus,   Spirifer  undulatua^ 
ttd  ft  few  more  shells,  with  branches  of  a  coniferous  tree,  together 
with  certain  fishes,  such  as  Platyaomus  and  PalcBoniscuSf  mark 
these  beds. 
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LeaTing,  however,  these  comparatively  barren  rocks,  we  next  come 
in  descending  order,  npon  beds  which  mast  ever  be  looked  upon 
containing  the  most  wonderful  assemblage  of  fossil  organisms  in  the 
entire  stratified  series — ^the  Carboniferous  system,  with  its  Goal  M 
Measures,  which  attain,  in  the  South- Wales  Coal-field,  an  aggre-  — 
gate  thickness  of  12,000  feet,  and  comprise  100  seams  of  coal    « 
Every  one  of  these  seams  has  its  roof-shale  and  its  under-clay.     - 
The   roof- shale  marks  a  break  in  the    conditions   of  vegetable     * 
growth,  decay,   and  accumulation  caused    by   an  inundation  of   '^ 
foreign  matter,  probably  introduced  by  a  local  subsidence  of  the      < 
area,  to  be  again  re-elevated,  and  again  covered  by  a  new  forest  of 
Carboniferous  trees.     Every  under-clay  is  full  of  Stigmaria^  the 
roots  of  the  larger  trees  which  contributed  by  their  growth  and 
decay  to  form  the  Coal. 

What  were  the  trees  of  the  forests  of  the  Coal  Period  ?  Were 
they  oaks?  or  beeches?  or  pines?  or  gum-trees?  or  palms? 
No,  none  of  these,  but,  strange  as  it  may  seem,  humble  Crypto- 
gams were  in  this  far-off  period  the  precursors  of  the  Sequoia  and 
the  Oak;  the  little  Liverwort  and  humble  Club-moss  ai;^  the 
modem  representatives  of  the  Lepidodendron  and  the  Sigillaria ; 
whilst  the  common  Mare*s-tail  or  Equiaetum  of  our  ditches  was 
then  a  giant  Calamite,  associated  with  vast  numbers  of  ferns, 
some  of  which  were  arborescent  in  habit. 

In  its  stagnant  or  slowly  moving  streams  the  ArchcBgosaunu 
and  Anthracosaurtis,  another  type  of  Labyrinthodont  reptHe, 
moved,  with  Baphetes,  Pkolidogaater^  and  some  thirty  others  of 
its  kindred,  whilst  Hylonomua,  probably  an  insectivorous  reptile, 
may  have  ascended  the  trunks  of  trees  in  search  of  insects,  re- 
mains of  several  of  which  have  been  discovered  in  the  Coal. 

Nor  must  we  omit  that  besides  a  chilognathous  myriapod 
{Xylohius  'sigillaricB),  Dr.  Dawson's  labours  have  brought  to  light 
two  air-breahing  snails.  Pupa  vetusta  and  Conulua  priscus. 

Among  the  fossils  foreign  to  the  Coal  itself,  yet  found  associated 
with  it  in  the  clay-ironstone  nodules  of  the  Coal  Measures,  have 
been  discovered  numerous  small  king-crabs,  a  beautiful  wing  of  a 
large  locust,  Oryllacris  litkanthraca,  and  an  entire  arachnide  from 
the  Dudley  Coal-field,  Eophrynua  Pre8tvictt\  two  scorpions  and  a 
spider  from  the  Coal  of  Silesia,  the  Protolycosa  anthracophila. 

The  Forest  Marble  of  Wiltshire  has  the  honour  of  famishing 
the  earliest-known  short-tailed  crab  {ihe  Palceina^us  l<mgip€9). 
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the  Coal  presents  ns  with  the  earliest-known  lobster  (the 
ji§Lv^t^rapalmmon  Crroaaartii).  Another  form  of  nautiloid  shell  is 
ftlso   here  met  with,  belonging  to  the  genus  Goniatitea. 

Seneath  the  Goal  rests  the  Carboniferoas  Limestone,  sometimes 
t\x  the  Millstone  Grit  between.  The  Carboniferoas  Limestone 
ior  the  most  part  a  truly  marine  deposit,  rich  in  corals  and 
brachiopods,  Productus  giganteuSy  with  large  gasteropods, 
SJmdt>9nphalus,  Macrocheilus,  etc.,  and  with  several  species  of  trilo- 
l>it;es — another  truly  extinct  order  of  Crustacea  (unless,  as  I  have 
^^*^tored  to  suggest  elsewhere,  the  Trilobita  are  but  a  lower  form 
^^  Isopoda,  less  highly  developed  and  less  differentiated  than  those 
"to-day).  Abundant  and  beautiful  forms  of  Crinoidea  occur  in 
rocks,  often  forming  entire  strata  of  vast  thickness  by  the 
ents  of  their  stems  alone,  as  witness  the  Entrochal  Marble 
^^^  the  "  Screw-stone"  beds  of  Derbyshire.*  The  Encrinite  Marble 
^^  so  extensive  a  deposit  as  to  be  quarried  for  mantelpieces  and 
other  economic  purposes.  This  marble  also  yields  a  new  type  of 
^^utiloid  shell,  but  as  it  were  unrolled  and  straightened  out,  the 
^^^'thoceraSf  one  of  the  earliest  of  the  Cephalopoda. 

And  here  I  may  be  permitted  to  observe  that  both  at  the  outset 
"^^the  Palaeozoic  rocks,  and  also  in  the  Chalk,  Gault,  and  Neoco- 
ii^uui  strata,  near  the  close  of  the  epoch  of  the  Tetrabranchiate 
Cephalopoda  (or  four-gilled  division  of  this  Order  of  Mollusca),  of 
which  the  Nautilua  alone  survives,  they  appear  and  disappear,  as 
it  were  in  contortions.     Li  fact,  these  chambered  shells  assume  the 
most  varied  carves,  spirals,  and  discoidal  twists  conceivable,  as  if 
ondeigoing  torture,  or  practising  fashions.     Nor  can  I  divest  my 
miud  of  the  idea  that  the  mimicry  (as  Dr.  Darwin,  Mr.  Wallace  and 
many  other  naturalists  have  pointed  out)  amongst  animals  of  to- 
day was  practised  at  a  very  remote  period,  and  by  very  different  forms 
of  life.     Thus  in  the  age  of  the  Solenhofen  Limestone  I  believe 
long-tails  must  have  been  set  forth  in  the  fashion-book  of  the 
period ;  for  we  have  a  long-tailed  bird,  the  Archceopteryxy  a  long- 
tailed  Pterodactyle,  the  RhamphorhynchuSy  a  long- tailed  crab^  the 
King-crab.     Tails  among  reptiles  have  been  mostly  in  vogue — the 
earlier  frogs  even  wore  tails,  and  their  babies  keep  up  the  remem-* 
brance  yearly,  but  drop  them  as  soon  as  they  come  ashore. 

Here  we  take  leave  of  our  Reptilian  friends,  and  go  on  further 

*  Tha  IFbodocrintM,  a  beaatifal  form  of  stone- lily,  only  oooun  at  one  par- 
tiealar  looalitj,  in  Um  Carboniferoas  Limestone  near  Hiohmond,  Yorkshire. 
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back  in  time,  with  only  fishes  to  remind  ns  of  aninuUs  wUh  h 
banes.  Bnt  swelling  with  the  portents  of  fdtore  races,  whio 
shall  arise  to  call  him  ancestor,  behold  the  giant  PierygotuB 
largest  of  Palaeozoic  Cmstaceay  riyalling  in  size  even  the  existini^ 
Inachus  KcBfnpferi  from  Japan,  and  far  more  mnscnlar.  Donbtless^ 
in  his  day,  both  in  the  Upper  Silurian  and  in  the  Deyonian,  h^ 
played  an  important  part,  devonring  all  things  which  came  in  his 
way,  both  old  and  new,  living  and  pntrid ;  like  the  existin 
members  of  his  family,  he  had  not  a  high  stomach  1 

Still  evidences  of  land  1  Mr.  Samuel  Scndder,  of  Boston,  h 
described  several  Devonian  insects ;  Dr.  Dawson,  of  Montreal., 
Mr.  Baily,  of  the  Irish  Survey,  the  late  Professor  Forbes,  and  others, 
have  described  several  Devonian  land-plants.  Corals,  as  in  th 
Carboniferous  Limestone,  were  plentiful,  and  many  formed  reef 
like  masses  of  great  size  and  compactness.  A  peculiar  form  o 
trilobite,  with  a  large  fan-tail  [Bronteus  Jlabellifer),  and  mor< 
brachiopods. 

The  fishes  have  a  tendency  to  imitate  king-crabs ;  their  buckle 
are  peculiarly  Crustacean-looking,  another  case  of  mimicry  :  whc» 
set  the  fashion  ?  and  who  followed  ? 

Judging  by  the  numbers  of  trilobites  and  crinoids,  we  have 
reached  the  '*  Kingdom  of  Siluria,*'  and  behold  the  rich  treasures 
of  the  Wenlock  Limestone,  its  stores  of  Brachiopoda,  its  oldest 
king-crab,  Neoltmulus  falcatus,  its  queer  Pterygoti,  its  corals  and 
earliest  remains  of  fishes.  But  time  would  fail  to  tell  in  detail  the 
fauna  of  each  rock  of  Ludlow,  Wenlock,  Woolhope,  Llandovery, 
Caradoc  and  Bala,  Llandeilo  and  Arenig,  each  a  world  of  ages  in 
antiquity,  but  still  full  of  Crinoidea,  starfishes,  trilobites,  and 
lampshells,  with  varied  forms  of  Orthocerata. 

And  now,  wreathed  in  Oraptolitea^  comes  the  Cambrian,  with 
its  slate-rock,  and  more  new  trilobites,  a  starfish  and  a  crinoid, 
LingulcB  and  zoophytes.  Again  rock-mass  succeeds  to  rock-mass : 
Tremadoc  Slates,  Lingula  Flags,  Harlech  Grits,  Llanberis  Slates. 
Is  this  the  last  ?  No,  emphatically.  Sir  William  Logan  in  Canada 
has  added  yet  another  conquest,  and  brought  in  the  great  Lauren- 
tian  kingdom,  with  its  30,000  feet  of  sedimentary  deposits,  and  its 
(as  yet)  single  fossil,  the  Eozoon  Canadetise, 

What  is  this  Eozoon  Canadense  ?  This  to  us,  at  present,  oldest 
known  form  of  life. 

I  have  already  spoken  of  the  ^'Nummulitic  Formation,*'  a  lime- 
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le  of  Eocene  Tertiary  age,  extending  from  England  to  China  in 
l>s-oad  band,  and  in  thickness  sufficient  to  help  to  build  up  the 
*enee8y  the  Alps,  the  Atlas  Mountains,  the  Carpathians,  and 
^^r^-wa.  the  naountains  of  Asia,  extending  into  China  and  Thibet. 

TXThis  limestone  is  made  up  largely  ^often  entirely^  of  the 
^^niB^^icular  shells  of  Nummulites,  Instead  of  shells,  imagine  it  one 
&la.^11,  one  animal,  and  you  have  a  notion  of  what  Eozoon  is  like. 

have  told  you  of  the  Chalk,  covering  an  area  as  large  as 

rope,  being  largely  composed  of  the  shells  of  a   microscopic 

us  of  Foraminifera  called  Glohigerina.     Instead  of  many  shells, 

«^ne  it  one  shell,  and  you  have  a  notion  of  what  Eozoon  is  like. 

tut  you  will  probably  say,  "  This  is  too  much  to  ask  one  to 

-cpt ;    the  idea  of  a  kind  of  conmion  composite  animal,  however 

iple,  stretching  from  the  shores  of  Labrador  to  the  margin  of 

k&e  Superior,  and  thence  northwardly  to  an  unknown  distance, 

^^>i:a.stituting  a  wild  and  rugged  region,  often  rising  into  hills  4,000 

^^^&t  high,  and  forming  cliffs  1500  feet  sheer  vertical  depth  I  " 

Xet  us  instead  look  for  a  moment  at  the  Pacific  Ocean.    Not  an 

^^and  in  the  intertropical  region  that  lifts  its  head  above  the  wave 

Wt  is  made  of  or  fringed  with  coral  reefs.      Florida  and  the  West 

Ixidian  Islands,  as  well  as  those  of  the  Indian  Ocean,  within  the 

Iropics,  are  ahke  coral- bound  or  coral-built.     Here  then,  I  think, 

we  shall  find  a  parallel  instance,  derived  from  a  higher  grade  (the 

Zoophyta),  in  which  composite  animals  are  world-makers  on  fully 

as  large  a  scale  as  the  Eozoon  Canadense,  if  not  larger. 

Speaking  of  tbe  Atlantic  mud.  Professor  Wyville  Thomson, 
writes :  **  The  mud  was  entirely  filled  with  the  delicate  siliceous  root- 
fibres  of  the  vitreous  sponges,  binding  it  together,  and  traversing 
it  in  all  directions  like  hairs  in  mortar.  This  mud  (he  goes  on  to 
say)  was  actually  alive ;  it  stuck  together  in  lumps,  as  if  there 
were  white  of  egg  mixed  with  it,  and  the  glairy  mass  proved  under 
the  microscope  to  be  living  sarcode.  Professor  Huxley  regards  this 
as  a  distinct  creature,  and  calls  it  ^^ Batkybius,*^  Wyville  Thomson 
inclines  to  look  upon  it  as  ''  simply  a  sort  of  diffused  mycelium  of 
the  different  distinct  sponges  growing  at  the  bottom.*'  "  This  view," 
he  adds,  ''  accords  well  with  the  mode  of  nutrition  of  the  sponges." 
This  Bathybiua  agrees  exactly  with  Huxley's  description  of  his 
imiTeTBal  basis  of  life,  or  Protoplasm^  which  he  traces  in  so  many 
and  various  bodies,  and  which  brhavos  like  an  ordinary  Amceha^ 
'^  drawing  in  and  thrusting  out  prolongations  of  its  substance." 
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Whether  the  so-called  Protoplasm  is,  or  is  not,  the  ultimate 
basis  of  life, — whether  it  grows  naturally  from  dead  matter  on 
which  it  feeds,  as  the  brewer  supposes  the  beer  or  wine  to  feed  on 
the  lees, — ^whether  it  can  be  made  as  a  chemical  compound  from 
the  elements  of  which  it  is  composed, — we  are  not  yet  prepared  to 
state.  But  I  haye  been  enabled  to  show  you  in  a  very  rough  and 
hasty  way — (1)  That  the  oldest  organism  with  which  we  are 
acquainted  is  one  of  the  simplest,  being  an  aggregate  of  a  number 
of  Foraminifera  associated  together  so  as  to  form  a  common 
Protozoan  reef,  just  as  a  coral  island  is  a  Z5ophytan  reef.  (2) 
That  the  Chalk  and  Nummulitic  Limestone  haye  been  similarly 
built  up  of  aggregations  of  the  calcareous  skeletons  of  myriads  of 
Protozoans  filled  with  sarcode,  or  Protoplasm,  as  the  Eozoon. 
(fi)  That  each  geologic  period  as  we  ascend  stage  by  stage  up- 
wards in  the  chronology  of  our  Earth  does  not  point  to  a  periodic 
re-creation  of  all  things,  bat  rather  tends  to  show  that  a  gradual 
deyelopment  of  life  has  been  taking  place  eyer  since  its  first 
appearance. 

We  haye  not  a  perfect  and  complete  history  of  life  on  the  globe, 
nor  is  it  a  thing  to  be  eyer  expected.  Geologists  haye  learned  to 
say  *'  we  don't  know  "  about  a  great  many  things  which  at  one  time 
they  either  thought  they  did  know,  or  they  were  credited  by  their 
friends  with  knowing. 

But  making  eyery  allowance  for  our  ignorance  of  past  life- 
periods,  and  also  for  the  imperfection  of  the  Geological  Record,  I 
think  it  can  be  clearly  demonstrated  that  there  is  '^  a  continuity  of 
life  on  the  earth  "  from  the  earliest  dawn  of  that  life  to  our  own 
day :  that  the  changes  which  haye  taken  place  haye  resulted  from 
alterations  in  physical  conditions,  such  as  the  eleyation  and 
subsidence  of  the  land,  bringing  out  changes  of  climate,  causing 
migrations  and  modifications  in  distribution,  in  numbers,  sise,  etc. 
That  from  period  to  period,  in  the  far-off  past,  the  yarious  groups 
haye  in  turn  prey  ailed  as  leaders  in  the  kingdom  of  animal  and 
yegetable  life.  Thus  in  early  times  the  Cephalopoda  ruled,  later 
on  the  Crustacea  came  to  the  fore,  then  probably  Fishes  took  the 
lead,  but  were  speedily  oyerpowered  by  the  Saurians.  These  land 
and  sea  reptiles  then  preyailed  until  Mammalia  appeared  upon 
the  scene,  since  when  it  doubtless  became  a  struggle  for  supremacy 
until  Man  was  created.  Then  came  the  age  of  invention ;  at  first 
of  flint  and  bone  implements,  of  bows  and  arrows  and  fish-hooks  ; 
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then  of  spears  and  flhields,  swords  and  guns,  lucifer-matcheSy 
railways,  electric  telegraphs ;  since  when  even  the  great  whale  has 
given  in  his  adhesion  to  the  new  king,  Steam,  and  is  dying  oat  of 
the  way  qnietly. 

One  fact  more  deserves  to  he  home  in  mind  :  that  is,  the  im- 
mensily  of  time  since  life  first  hegan.  Originally  only  Plutonic 
or  Eroptive  rocks  existed.  As  these  yielded  to  weathering,  they  pro- 
duced sediments  which  assisted  to  form  the  very  earliest  stratified 
rocks.  Agun,  these  in  their  turn  were  denuded  wherever  elevated 
above  the  sea,  and  assisted  to  form  by  their  wreck  the  Palaeozoic 
strata,  from  all'  of  which  the  Secondary  and  Tertiary  formations 
have  in  like  manner  been  made.  But  animals,  by  their  labours 
and  accumulated  skeletons,  have  probably  contributed  more  largely 
than  any  other  source  to  build  up  the  masses  of  the  sedimentary 
rocks.  Nor  is  it  to  the  highest  in  the  zoological  scale  that  this 
task  of  mountain-building  has  been  entrusted  by  Nature ;  on  the 
contrary,  the  two  humblest  classes  the  Protozoa  and  Ccelen- 
TBRATA,  have  been  chosen  to  rear  these  imperishable  monuments  ; 
whilst  our  great  stores  of  mineral  fuel,  upon  the  continuity  of 
which  the  vast  industries  of  this  country  depend,  are  the  result 
of  the  accumulated  growth  and  decay  of  lowly  organized  Crypto* 
gamic  plants,  allied  to  our  existing  club-mosses  and  EquisetaceaB. 


VISIT  TO  THE  BRITISH  MUSEUM.— April  18th,  1874. 

Director — Professor  Morris,  F.G.S.,  Honorary  Member 

of  the  Geologists'  Association. 

The  portion  of  the  Natural  History  Department  of  the  Great 
National  Museum  devoted  to  the  display  of  the  Mollusca,  was 
visited  on  this  occasion  by  the  Association.  The  more  prominent 
of  the  distinguishing  characters  of  the  principal  divisions  or 
Classes  of  the  Sub-kingdom  Mollusca,  were  described  by  the 
Director,  who  illustrated  his  lecture  by  the  beautiful  specimens, 
which  are  so  well  preserved  and  so  well  shown  in  the  cases. 
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EXCURSION  TO  LEWISHAM.— Apbil  25th,  1874. 

Director — William  Whitaker,  Esq.,  B.A.,  F.G.8., 
Of  Her  Majesty's  Geological  Survey. 

The  section  at  Loam  Pit  Hill,  where  the  Woolwich  and  Reading 
Series  is  well  displayed,  almost  monopolised  the  attention  of  the 
party.  On  reaching  the  excavations,  the  Director  gave  a  general 
description  of  the  Series  as  exhibited  in  the  Woolwich  district  and 
in  the  neighbourhood  of  Reading  respectively,  and  pointed  oat 
the  special  features  of  the  section.  The  details,  taken  from  Mr. 
Whitaker's  '^  Geology  of  the  London  Basin,"  page  127,  are  as 
follows  : — 

m 

London  Clat. 

1.  Brown  Clay,  the  lower  part  roughly  laminated,  about  15  feet 
on  the  north,  increasing  southwards  with  the  dip  (about  3^). 

2.  Basement  Bed.  Flint  pebbles,  with  clay  and  sometimes  sand, 
thickening  southward  from  two  inches  to  a  foot  or  more,  rest- 
ing evenly  on  the  bed  below. 

Woolwich  Beds,  about  50  Fkbt. 

3.  Light-coloured  sand,  with  partings  of  clay.  At  one  place  a 
little  thin  friable  buff  stone  just  at  top.  Near  the  top  a  well- 
marked  bed  of  loose,  very  light- coloured  sand,  about  4  inches 
thick,  which  makes  more  plain  small  faults  (from  2  to  9  inches 
downthrow)  about  10  feet,  passing  down  into 

8*  Laminated  Clay,  with  partings  of  sand,  and  with  a  little  sele- 
nite.  Near  the  middle  many  leaves  occur.  A  little  below  the 
leaf-bed  there  is  a  4  or  5-inch  layer  of  small  flint-pebbles  (a), 
below  this  is  a  lignite-bed  (6),  8  to  6  inches  thick,  sometimes 
with  a  layer  of  iron  pyrites  containing  casts  of  shells ;  and  at 
one  part  a  sandy  lignite  at  the  bottom.     Over  10  feet. 

4.  Brown  Sand,  about  8  feet. 

5.  Sandy  Clay,  about  2  feet. 

6.  Clay  Shell-bed  (Cyrena),  1^  feet. 

7.  Oyster-bed,  2  feet. 

8.  Clay  Shell-bed  (Cyrena),  a  few  flint-pebbles  at  bottom,  1^  feet. 

9.  Yellowish  Clay,  with  race  and  soft  calcareous  matter,  1  ft.  5  in. 
(less  in  parts). 
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10.  Pebble-bed,  sandj;  tbe  pebbles  irregularly  arranged  (not 
bedded).  ?  False  bedded  in  parts,  red  at  tbe  top  part,  over 
12  feet. 

1 1 .  Bottom  Bed.     Ligbt-coloored  sand,  witb  layers  of  flint  pebbles, 

at  tbe  bottom  part  greenisb  sandy  clay  and  clayy  sand  witb 
a  few  pebbles ;  6  to  8  feet^  resting  on  a  worn  surface  of  tbe 
next  bed. 

Thanbt  Sand 

12.  Thanet  Sand,  tbe  uppermost  6  or  8  feet,  yellowish  and  iron 
stained,  then  20  feet  or  more  with  a  pale  pinkisb-grey  tint, 
total  thickness  probably  40  feet.  Green- coated  flints  at  the 
bottom,  resting  regularly  and  conformably  on 

Chalk  with  flints. 

At  the  conclusion  of  Mr.  Whitaker's  lecture.  Professor  Morris, 
who  was  present,  addressed  the  Members  on  the  significance  of  this 
important  section,  which,  in  itself  as  it  were,  illustrates  and  teaches 
the  geology  of  the  Thames  Valley,  since  it  shows  all  the  beds  from 
the  Chalk  to  the  London  Clay,  and  is  so  situated  that  the  obserrer 
may  from  the  neighbouring  ground  survey  without  difficulty  the 
▼alley  flats  of  deposits  of  Pleistocene  age. 


ORDINARY  MEETING,  May  1st,  1874. 

Hbnbt  Woodward,  Esq.,  F.R.S.,  F.G.S.,  &c..  President, 

in  the  Chair. 

Tbe  following  Donations  were  announced  : — 

"  On  the  Bone  Implements,  &c.,  from  the  Caves  of  Perigord, 
France,"  by  Prof.  T.  Rupert  Jones,  F.R.S.,  F.G.8. ;  from  the 
Author. 

''  Abstracts  of  Proceedings  of  the  Geological  Society ;  **  from 
that  Society. 

The  following  were  elected  Members  of  the  Association : — 

Augustus  Wildy,  Esq. ;  George  Simonds  Boulger,  Esq, ;  J. 
Wheatcroft,  Esq. ;  and  Charles  William  Rotbery,  Esq. 

The  following  Papers  were  read : — 
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1.     Observations  on  Some   Carbonivbrous  Poltzoa. 

By  Robert  Ethbridob,  Esq.,  Jan.,  F.G.S. 

The  following  obsenrations  consist  of  a  few  notes  on  certain 
Carboniferoas  Polyzoa  which  have  come  under  my  notice  daring 
some  investigations  into  the  structure  of  various  members  of  the 
Class  more  commonly  found  in  the  Scotch  Carboniferous  Lime- 
stone series. 

Genus  Synocladia,  King^  1849.* 

Until  recently  Synocladia  was  known  in  this  country  only  from 
rocks  of  Permian  age,  as  one  ^  of  the  characteristic  corallines  (5. 
virgulacea,  Phill.)  of  the  Magnesian  Limestone.  In  America,  how- 
ever, a  species  has  been  recognised  in  various  portions  of  the 
Carboniferous  series,  originally  found  in,  and  described  by  Professinr 
Swallow,  from  tha  Lower  Permian  strata  of  the  Cottonwood  Valley, 
Texas,  under  the  provisional  name  of  ^S^.  biaerialis.]  (Figs.  1  and  2). 

In  general  habit  this  agrees  with  the  typical  S.  virgulacea^  but 
in  some  of  the  more  essential  characters  differs  widely. 

In  the  «  Palaeontology  of  Eastern  Nebraska,"  %  Mr.  F.  B.  Meek 
has  figured  and  described  this  fossil  from  various  horizons  in  the 
Carboniferous  strata  of  that  state,  Texas,  and  Iowa,  giving  the 
specific  characters  in  greater  detail  than  Professor  Swallow  had 
done  in  provisionally  applying  his  name.  Mr.  Meek  further  gives 
good  and  sufficient  reasons  for  regarding  S.  hiserialU  as  a  separate 
species,  distinct  from  ^S^.  virgulacea^  a  point  on  which  some  doubt 
had  been  cast. 

In  the  September  number  of  the  Annals  and  Magazine  of 
Natural  History ^\  I  described  a  Carboniferous  species  of  Syno^ 
cladia,  under  the  name  of  ^S^.  carbonaria  (Figs.  8  and  4),  which 
at  that  time  I  took  to  be  quite  specifically  distinct  from  any 
described  species,  but  through  the  kindness  of  Professor  W. 
King,  who  has  favoured  me  with  photographs  of  American 
specimens  (Figs.  1  and  2),  and  extracts  from  Mr.  Meek's  pre- 
viously quoted  work,  I  have  ascertained  that  our  Scotch  Polysoon 
must  cease  to  be  regarded  as  a  distinct  species,  but  may  be  con- 

*  Annali  and  MagoMine  qf  Natu^ral  History,  2nd  ser.,  toI.  Hi.,  p.  888. 
Transaetiont  8t,  Lows  Academy  of  Natural  Seienees,  toL  i«,  p.  179. 
WAnhinirioD,  1872,  p.  156.  . 
1873,  vol.  xii.,  4th  aer.,  p.  188. 
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fiidered  as  a  well  marked  variety  of  the  American  Permio-Carboni- 

^ex^oos  S.  hiserialia,  Swallow,  under  the  varietal  name  of  carbonaria.* 

Jt   was  only  whilst  mj  notice  of  the  Scotch  variety  was  in 

^^^^  '^^rse  of  printing  that  I  had  access  to  Mr.  Mcek's  description  of 

.    *-*      biserialis ;   it  therefore  becomes  satisfactory  to  find  that  the  two 

ependent  descriptions  more  or  less  closely  corresponded. 

^^  in  the  typical  ^S^.  virgulacea,  the  frond  is  composed  of  numerous 

-like  stems,  rising  from  a  common  root  and  frequently  bifurcating ; 

^9  branches  or  dissepiments  are  short  and  simple,  and  spring  at  an 

^cending  angle  from  one  stem  to  meet  those  of  the  opposite  stem, 

d  thus  form  the  peculiar  arch-like  dissepiments  so  characteristic 

the  genus  (Fig.  8).     The  latter  occasionally  lose  their  normal 

Tm,  and   become  mere  ordinary  connecting   bars,  so  enclosing 

egular  fenestrules  ;  this  is  more  apparent  in  the  lower  parts  of 

frond  towards  the  root.     The  two  species,  S,  virgulacea  and 

'.  hiserialia^  including  the  variety  carbonan'a,  differ  essentially  in 

e  arrangement  of  the  «cells    on    the    celluliferous  or  obverse 

In  the  former  the  cells  are  placed  on  the  stems  in  from 

ree  to  five  furrows,  separated  by  angular  keels,  on  which  may  be 

small  papillae-like  elevations  or  projections  (*'  gemmuliferous 

edcles  "  of  King),  whilst  on  the  branches  the  cells  are  restricted 

two  rows  with  a  dividing  keel,  those  of  one  row  set  alternately 

iih  those  of  the  other.     In  the  latter,  on  the  other  hand,  there 

e  only  two  rows  of  cells  on  both  stems  and  branches,  separated  by 

keel  set  with  ''gemmuliferous  vesicles*'  as  in  S.  virgulacea  (Fig. 

).  Furthermore,  scattered  in  a  most  irregular  manner  amongst  the 

ells  proper,  are  a  number  of  supplementary  cells,  without  any 

attempt  at  definite  arrangement ;  these  may  be  easily  distinguished 

T>y  their  much  smaller  apertures.  Again,  the  papillae-like  elevations 

tjo  which  Professor  King  has  given  the  name  of  '^  gemmuliferous 

Tesicles/'f  are  found  in  ^S^.  virgulacea  only  on  the  keels  of  the  stems, 

whilst  in  S.  biserialis  they  are  continuous  from  the  keels  of  the 

stems  to  those  of  the  branches  (Fig.  5).     Lastly,  the  reverse  face 

of  the  Carboniferous  form  is  striate,  and  scattered  over  it  here  and 

there,  generally  however  at  the  setting  off*  of  the  branches,  are 

additional  cell  apertures  (Fig.    3).      I  do   not   think  that  any 

structure    of   this   description  is   to  be   seen  on  the   reverse   of 

S.  virgulacea^  which,  according  to  Professor  King's  figure,"^  is 


•  Memoin  04ological  Swrvey,  ExpUMUbUon  23,  Scotland,  1873,  p.  102. 
'  Permian  FottUB,  1850,  p.  37. 
PenmtmFouiU,  pUtei,  fig.  8. 
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plain,  and  non-striate;  perhaps,  however,  the  absence  of  striae, 
may  be  due  only  to  the  state  of  preservation  of  the  specimens 
from  which  the  original  descriptions  were  made. 

From  an  examination  of  indifferent  specimens  I  was  led,  in  mj 
original  description,  to  attribute  these  supplementary  cells  on  the 
reverse  face  of  S.  biserialis  and  variety  to  the  broken  bases  of  the 
"  root-like  processes  "  met  with  on  the  reverse  face  of  S.  mrgulaceay 
but  I  now  believe  that  my  conjecture  was  wrong,  and  that  they  are, 
perhaps,  true  cells  in  the  same  sense  as  those  on  the  obverse  face. 

So  far  as  I  am  able  to  judge,  without  an  actual  comparison  of 
specimens,  the  Scotch  fossil  appears  to  present  a  more  irregular 
method  of  branching  than  that  seen  in  the  American  ^S^.  hiaerialU, 
It  is  principally  on  this  account  that  I  regard  the  former  as  a 
variety  of  the  latter.  I  am  the  more  inclined  to  this,  as  I  find  Mr. 
Meek  appears  to  regard  the  Septapora  Cestriensis,  Prout,*  from 
the  Upper  Archimides  Limestone  of  Chester,  Illinois,  as  a  synonym 
of  Synocladia  hiaerialis.  From  the  lat»  Dr.  Front's  description, 
this  appears  to  differ  only  from  a'  typical  Synocladia  in  having  the 
branches  or  dissepiments  more  celluliferous  (cells  in  from  one  to 
four  rows)  than  the  stems  or  interstices  (cells  in  two  lines). 
Should  Sepiopora  Cestriensis  be  only  a  synonym  of  Synocladia 
biaerialis,  the  larger  number  of  cells  on  the  dissepiments  would  be 
another  point  in  favour  of  the  Scotch  fossil  being  considered  a 
variety,  for  in  all  specimens  which  have  come  under  my  notice,  the 
cells  were  found  to  be  constantly  in  two  lines  only,  one  on  each 
bide  of  the  median  keel. 

There  is  one  specimen  in  the  Geological  Survey  collection  in 
which  one  of  the  stems  is  stronger  than  the  others,  and  from  which 
the  latter  take  their  rise,  closely  resembling  the  general  habit  of 
Ptylopora  pluma  (Scouler),  McCoy,f  but  still  retaining  the  inter- 
mediate arch-like  dissepiments.  The  following  is  a  brief  diagnosis 
of  the  British  specimens : — 

Synocladia  biserialis.  Swallow ,  var.  carbonaria,  miki ;  S. 
carhonaria^  R.  Etheridge,  jun.  (Annals  and  Mag.  Nat.  Hist., 
1873,  4th  ser..  Vol.  xii,p.  189,  pi.  10);  S.  hiserilaia.  Swallow  (Pro. 
Acad.  Nat.  Sciences,  St.  Louis,  Vol.  i.,  p.  179) ;  var.  carbonaria^ 
R.  Etheridge,  jun.  (Mem.  Geol.  Surv.,  Expl.  28,  Scotland,  1878, 
p.  102). 

•  Transacttons  Academy  Natural  Sciences,  8t.  Louis,  rol.  i.,  p.  448,  pi.  18,  fig  2. 
t  S^fUfpais  CarboniiferouB  Fossils,  1844,  p.  200,  pi  28,  fig.  6. 
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'olyzoariam,  a  plumose  expansion,  springing  from  a  common 
of   attacbment.     Interstices  or  stems,   rib-like,   frequently 
x-catingy  much  stouter  and  stronger  than  the  branches ;  obverse 
'Uvsliferons,  with  a  rounded  median   keel;    reverse   round  and 
^te ;    dissepiments  or  branches  short ;  opposite  halves  given 
^t  an  oblique  angle  from  their  respective  stems,  which  meet- 
^ve  rise  to  arched  or  reversed  V-shaped  branches ;  obverse 
ar  and  celluliferous  ;    reverse   rounded  and   striate,    some- 
becoming  modified  into  stems.     Dividing  ridges  or  keels,  on 
obverse  face  of  both  stems  and  branches,  separating  the  two 
s  of  cell -apertures,  those  on  the  stems  rounded,  those  on  the 
iches   slightly  angular.      Fenestrules    arch-shaped   when   the 
and  branches  assume  their   normal  character,   otherwik^e 
;Salar.     Gell-apcrtures    arranged    in    two    alternating    lines, 
on    the    stems     and  branches,    separated   by   the    median 
I,  and  with  prominent  margins.      Supplementary  cell-apertures 
-^fctered  irregularly   amongst  the  primary  cell -apertures,  either 
ly    or  grouped  in  twos   and  threes,   whilst  open  or  closed 
^^^X^iUsB-like  protuberances  are  placed  on  the  keels  of  both  stem^ 
branches,   apparently    alternating   with    the   cell-apertures, 
verse,  regularly  and  finely  striate,  rounded ;  scattered  over  the 
^'^^^ace  are  open  wart-like  projections,  or  papillae  probably  cell  • 
^^ertures.      These   are   often  placed   at  the   setting  off  of  the 
^^anches,  and  sometimes  at  the  apex  of  the  Y-shaped  arch. 

Localities. — Lower  Carboniferous  Limestone  Group — Shale  over 
tte    Oilmerton    Limestone,    Gilmerton,  near   Edinburgh;  Shale 
between  the  1st  and  2nd  Calderwood  Limestones,  Calder  Water, 
opposite  old  mines  of  Calderside  and  Newfield  Quarry,  both  near 
East  Kilbride,  Lanarkshire ;    Shale  connected  with  the  Raesgill 
Ironstones,  Wilton  Ironstone  Pit  (Coltness  Iron  Company),  near 
Oarlnke  (collection  of  the  Geological  Survey  of  Scotland,  collected 
by  Mr,  J.   Bennie).*     L^^pper  Carboniferous  Limestone  Group- 
Shale  between  two  beds  of  Limestone,  Mouse  Water,   opposite 
Lambcatch,  near  Wilsontown,  Lanarkshire ;  Shale  above  a  bed  of 
limestone,    near    Laigh      Longridge,     Stonehouse,    Lanarkshire 
(Collection  of  the  Geological  Survey  of  Scotland,  collected  by  Mr. 
A.  Macconochie). 

*  Dr.  Bankin,  of  Carluke,  has  obtained  8.  hiseridliSf  var.  co/rhonarxa^  from 
the  ■!»]«  in  oooneeiion  with  the  Liognla  Ironstone  of  that  district,  which  he 
kiiidly  aUow«d  me  to  examine. 
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Obnus  Polypora,  McCoy,  1844.* 

McCoy  proposed  this  genus  for  those  flat  and  fan-shaped  Carl 
nifcrous  Polyzoa,  with  the  general  hahit  and  appearance  o 
FenestellOy  but  distinguished  from  the  latter  by  the  absence  of  in, 
median  keel  on  the  interstices,  and  the  presence  always  of  more 
than  two  rows  of  cells,  which  are,  however,  as  in  Fenestella,  con- 
fined to  the  interstices,  and  do  not  occur  on  the  crossbars  or 
dessepiments. 

In  a  paper  read  before  the  Geological  Society ,f  "  On  some 
Fossils  from  India,  &c.,"  Professor  de  Koninck  described  seTeral 
new  species  of  Polyzoa  from  the  Carboniferous  rocks  of  the  Pun- 
jaub.  In  his  description  of  Polypora  fastuoBa  attention  was  drawn  to 
the  internal  characters  of  the  cells,  which  appear  to  be  arranged  on 
the  same  plan  as  that  seen  in  Fenestella  or  Synocladia,  w&ere  they 
spring  from  the  basal  plate  of  the  polyzoarium  in  an  obllqaely 
inclined  direction,  curving  outwards  to  the  surface  of  the  interstice, 
where  they  open  parallel  to  the  immaginary  axis.f 

In  a  specimen  of  a  Polypora,  from  Longniddry  Quarry,  Had- 
dingtonshire, I  observed  the  position  of  similar  papillae-like 
elevations,  as  in  Synocladia  and  other  genera,  called  by  Pro- 
fessor King  '^  gemmulifcrous  vesicles."  These,  in  the  specimen 
referred  to,  are  placed  one  over  each  cell  aperture,  a  little 
to  the  right  side  of  the  cell,  and  are  very  prominent,  still,  how- 
ever, retaining  their  wart-like  character.  In  another  specimen 
of  a  Polypora,  from  Hairmyres  Quarry,  Lanarkshire,  in  the 
Geological  Survey  collection,  these  little  bodies  are  found  to 
occupy  a  somewhat  different  position — placed  in  linear  series 
between  the  rows  of  cells,  arising  from  the  ordinary  surface  of  the 
dissepiment. 

Genus  Thamniscus,  King,  1849.§ 

A  genus  of  Permian  Polyzoa  in  which  the  stems  or  interstices 
frequently  and  irregularly  bifurcate  at  their  distal  extremities,  the 
dessepiments  are  free,  and  the  gemmulifcrous  vesicles  overlie  the 
cell  apertures. 

In  addition  to  the  typical  species  T.  dubius,  Schlotheim,  there 
is  a  Carboniferous  coralline  indicated  by  Professor  KingQ  as  pro- 

*  Synoptis  Carboniferous  FoasilSf  1844,  p.  206. 

Quart.  Journ.  Oeol.  Soc,  1863,  vol.  xix.,  p.  1. 

Ibid  pi.  1,  f.  4a. 

AnnaU  and  Magatine  of  Natural  History,  2na  aer.,  vol.  iiL,  p.  389. 
IJ  Ptrmian  Fossils,  p.  44. 
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bablj  congeneric,  tlie  Fenestella  interteocta,   Portlock.*     In   tliis 

Bpeoies  the  growth  commenced  from  a  centre,  resnlting  in  thick 

interstices  or  branches,  forming  by   anastomosis    very  irregnlar 

fenestrales,   and    in    all    probability   free    at   their    extremities. 

Lmstlj,  the  Chevalier  D^EHchwald  has  described  a  third  form  of 

thia  ^enns  from  the  Orthoceratite  Limestone   of  Erras,  Russia, 

under  the  name  of  T.  bifidus.^     It  appears  to  be  characterised 

obieflj  bj  the  lateral  branches  arising  from  one  side  of  the  principal 

Btetn  only  ;  the  cell  apertures  are  round,  and  arranged  in  quincunx. 

Amongst     many    other    Carboniferous    Polyzoa    collected    at 

Ijong^ddry  Quarry,  Haddingtonshire,  by  Mr.  D.  J.  Brown,  of 

Bdinburghi  was  one  slab  of  shale  with,  weathered  out  on  one  of  its 

surfaces,  several  fragmentary,  but  well  preserved  specimens  of  a 

species  of  Thamniscus.     Unfortunately  in  each  case  the  non-celluli- 

ferons  face  is  presented  to  us,  so  that  the  precise  specific  identity 

remains  somewhat  doubtful.     Nevertheless,  the  general  characters 

are  such  as  to  place  the  Longniddry  specimen  close  to  T,  {FenesUlld) 

intertexta.     The  stems  and  branches  (Fig.  7)  are  thick  and  robust, 

^^Tiently  bifurcate,  are  rounded,  and  the  termination  of  many  of 

'^o  branches  in  the  upper  part  of  the  specimens  are  free,  whilst 

'^'Wards  the  root  or  base  they  join,  and  so  form  more  or  less  irregular 

fenestmles.     Of  the  three  species  mentioned,  our  Thamniscus  is 

certainly  very  nearly  allied,  if  not  identical  with  Portlock's  species, 

^t  until  specimens  showing  the  characters  of  the  celluliferous  face 

•^  preserved,  it  would  not  be  wise  to  definitely  refer  it  to  the 

**tter.    It  is  delicately  striate. 

It  becomes  an  interesting  fact  to  note  the  increasing  number  of 

forms  which  are  gradually  becoming  recognised  as  common  in  our 

o^m  country   to  the  Carboniferous  and    Permian   Systems.     On 

the   Continent   I>.   Geinitz  and  M.   Goppcrt  have  indicated  the 

Ittge  series  of  plants  common  to  the  two  groups,  whilst  in  this 

wintry  the  researches  of  Mr.  Davidson,^  Professor  King,§  Mr.  J. 

W.  Kirkby,|l  *"^  many  others  have  thrown  much  light  upon  the 

>P^c  relations  existing  between  the  Bracbiopoda,  Entomostraca, 

ud  other  Classes  of  the  Carboniferous  and  Permian  faunae.     In 

^erica  this  comparison  has  extended  to  perhaps  a  greater  extent 

*han  elsewhere,  as  may  be  seen  by  a  perusal  of  the  writings  of  Dr. 

*  Otological  Report^  Londonderry ^  1843,  p.  824,  pi.  22  A.,  fe.  3,  a,  b,  ft  o. 
^  UQuia  ISoMtco,  1860,  toI.  i.,  p.  886.  pi.  23,  f.  17,  a  ft  b. 

MtfMfgrwph  of  CwrhoniifeToua  Brachiopodat  Pal.  Soc. 

idiiinburgk  New  PhUoaophical  Journal^  vol.  xir..  p.  87,  xr.,  p.  251. 

ilnnatf.  and  Mtigagine  of  Nattiral  History ^  3rd  ser.,  vol.  x.,  p.  202. 


122      B.  ETHBRIDOR,  JCN.,  ON  CARBOMIFBROUB  POLTZOA. 

F.  B.  Shennard,  Mr.  F.  B.  Meek,  the  late  Dr.  Proat,*  and  other 
aathors.  The  occurrence  of  a  vaHetj  of  Synocladia  hismalii^ 
Swallow,  in  oar  Scotch  Carboniferoas  beds,  adds  another  link  in 
Great  Britain  to  the  chain  of  evidence  which  tends  to  unite  the 
Carboniferous  and  Permian,  and  from  its  occurrence  in  American 
rocks  is  a  point  of  some  interest.  A  well-digested  account  of  the 
species  common  to  British  Carboniferous  and  Permian  Rocks  will 
be  found  in  a  paper  by  Mr.  J.  W.  BLirkby,  "  On  some  additional 
species  that  are  common  to  Carboniferous  and  Permian  Strata ; 
with  Remarks  on  the  Rocurrencj  of  Carboniferous  species'*  (op. 
cit).  In  conclusion  I  have  to  thank  my  friend  Mr.  H.  M.  Skae 
for  the  very  careful  drawings  which  accompany  these  notes. 

Description  of  the  Figures. 

Fig.  1. — Synocladia  hiserialtB,  Swallow.  Obverse  face,  show- 
ing the  arrangement  of  the  cell-apertures,  and  other  characters. 

Fig.  2. — Reverse  face  of  the  same.  Both  these  figures  are 
taken  from  enlarged  photographs  of  American  specimens,  for 
which  I  am  indebted  to  the  kmdness  of  Professor  W.  King. 

Fig.  3. — Synocladia  hiaeriaXtSj  Swallow,  var.  carhonaria*  R. 
Eth.  Jun.  Reverse  face,  enlarged  three  diameters,  showing  the  aieh- 
like  form  of  some  of  the  dissepiments,  and  the  scattered  supplemen- 
tary cell-apertures.  From  the  shale  over  the  Gilmerton  Limestone, 
Gilmerton,  near  Edinburgh  (Lower  Carboniferous  Limestone). 

Fig.  4. — Reverse  face  of  another  specimen  from  the  same 
locality,  natural  size. 

Fig.  5. — Portion  of  obverse  face  of  another  specimen,  showing 
the  cell-apertures,  and  the  papillce  on  the  keels.  From  shale  be- 
tween the  Calderwood  Limestones,  Calderside,  East  Kilbride, 
Lanarkshire.     Enlarged  six  diameters. 

Fig.  6. — Another  portion  of  the  same  taken  from  near  the  root, 
showing  the  large  coll -apertures,  and  smaller  supplementary  cell- 
apertures.     From  same  locality.     Enlarged  six  diameters. 

Fig.  7. — Reverse  or  non-celluliferous  face  of  a  portion  of 
Thamniscus  sp.  From  shale  of  the  Lower  Carboniferous  Limestone 
Group,  Longniddry  Quarry,  Haddingtonshire.  Enlarged  four 
diameters. 

2.     On  Some  Geological  Puzzles. 
By  Edward  Charlesworth,  Esq.,  F.G.S. 

•  Tramadumi  qfih»  Aeadsmy  of  DTadiiul  fioeneef,  8i.  Loitw,  vol.  L,  p.  440. 
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« 

F.  B.  Shennard,  Mr.  F.  B.  Meek,  the  late  Dr.  Prout,*  and  other 
aathors.  The  occurrence  of  a  vaHetj  of  Synocladia  biserialiSj 
Swallow,  in  our  Scotch  Carboniferous  beds,  adds  another  link  in 
Great  Britain  to  the  chain  of  evidence  which  tends  to  unite  the 
Carboniferous  and  Permian,  and  from  its  occurrence  in  American 
rocks  is  a  point  of  some  interest.  A  well-digested  account  of  the 
species  common  to  British  Carboniferous  and  Permian  Rocks  will 
be  found  in  a  paper  by  Mr.  J.  W.  ELirkbj,  "  On  some  additional 
species  that  are  common  to  Carboniferous  and  Permian  Strata ; 
with  Remarks  on  the  Recurrency  of  Carboniferous  species'*  (op. 
cit).  In  conclusion  I  hare  to  thank  my  friend  Mr.  H.  M.  Skae 
for  the  very  careful  drawings  which  accompany  these  notes. 

Description  of  the  Figures. 

Fig.  1. — Synocladia  biserialis.  Swallow.  Obverse  face,  show- 
ing the  arrangement  of  the  cell-apertures,  and  other  characters. 

Fig.  2. — Reverse  face  of  the  same.  Both  these  figures  are 
taken  from  enlarged  photographs  of  American  specimens,  for 
which  I  am  indebted  to  the  kmdness  of  Professor  W.  King. 

Fig.  3. — Synocladia  biserialis.  Swallow,  var.  carbonaria.  R. 
Eth.  Jun.  Reverse  face,  enlarged  three  diameters,  showing  the  aieh- 
like  form  of  some  of  the  dissepiments,  and  the  scattered  sapplemen- 
tary  cell-apertures.  From  the  shale  over  the  Gilmerton  Limestoney 
Gilmerton,  near  Edinburgh  (Lower  Carboniferous  Limestone). 

Fig.  4.— Reverse  face  of  another  specimen  from  the  same 
locality,  natural  size. 

Fig.  6. — Portion  of  obverse  face  of  another  specimen,  showing 
the  cell-apertures,  and  the  papillce  on  the  keels.  From  shale  be- 
tween the  Calderwood  Limestones,  Calderside,  East  ELilbride, 
Lanarkshire.     Enlarged  six  diameters. 

Fig.  6. — Another  portion  of  the  same  taken  from  near  the  root, 
showing  the  large  cnll-apertures,  and  smaller  supplementary  cell- 
apertures.     From  same  locality.     Enlarged  six  diameters. 

Fig.  7. — Reverse  or  non-celluliferous  face  of  a  portion  of 
Thamniscus  sp.  From  shale  of  the  Lower  Carboniferous  Limestone 
Group,  Longniddry  Quarry,  Haddingtonshire.  Enlarged  four 
diameters. 

2.     On  Some  Geologioal  Puzzles. 
By  Edward  Charlbsworth,  Esq.,  F.G.S. 

•  TroniCkdiont  qfihe  Aeadsmy  of  Natwral  Sdenees,  8t,  Lotsiit  vol.  i.,  p.  440. 
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XCURSION  TO  GRAYS,  ESSEX.— May  16th,  1874. 

Director — Henry  Walker,  Esq.,  F.G.S. 

{Report  hy  Mr.  Walker.) 

large  party  left  the  Fenchurch-street  Station,  to  visit  the 
f>osnre8  of  the  Mammalian  Beds  of  the  Lower  Thames  Yallejy 
d  sections  of  the  Upper  Chalk,  at  Grays.  The  pits  at  Little 
-oxrock,  so  celehrated  for  their  Pleiostocene  fauna,  were  first 
x'fced.  Here  the  picturesque  and  typical  section  of  false-bedded 
cis,  eighteen  feet  in  thickness,  was  found  well  displayed,  and  in 
mottled  clays  at  the  base  of  the  section  shells  of  Cyrena  were 
Pc^-cExid  sparsely  distributed.  The  history  of  the  excavation,  and  a 
^^s't^  of  the  fauna  having  been  given  by  the  Director,  the  company 
P^ocseeded  to  the  higher  ground  to  survey  the  physical  aspects  of 
»  district.  The  flat  delta-like  tract  of  the  Lower  Thames 
J.ley,  the  great  "  receiving  drain  "  of  the  hydrographical  basin, 
■^^o  xise  the  words  of  Professor  Phillips,  with  no  containing  sides 
<x>vx^parable  to  those  which,  seen  near  Oxford,  enclose  the  upper 
Da^ln  with  great  natural  ramparts,  was  well  seen  from  the  spot. 
^b^  company  then  proceeded  to  the  chalk-pits  at  Grays,  and 
^^nt  an  instructive  hour  examining  the  admirable  sections 
(^^X"eady  deacribed  in  these  pages)*^  and  scattered  sarsen  stones, 
in  obtaining  the  characteristic  fossils  of  the  Upper  Chalk. 
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May  25th  and  26th,  1874. 

Director, — Samuel  Sharp,  Esq.,  F.S.A.,  F.G.S. 

^Jitport  hy  WiLPRiD  H.  Hodleston,  Esq.,  M.A.,  F.G.S.) 

^3q  meeting  the  party  at  Blisworth,  Mr.  Sharp  at  once  pro- 
^^^^ed  to  give  an  outline,  illustrated  by  a  diagram,  of  the  forma- 
t^^iiiB  in  the  dbtrict   through  which  he  proposed  to  act  as  con- 
ductor.   In  order  to  facilitate  an  understanding  of  the  sections  in 
we  pits  and  quarries  subsequently  visited  during  the  two  days' 
^^cordon,  the  substance  of  his  remarks  explanatory  of  the  geology 
of  the  district,  is  subjoined  : — 

*  "  Pnoeodingt  of  the  Goologists*  AssoolatioQ/*  vol.  ii.,  p.  645. 

K 
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''  Proceeding  Tipwards  from  the  clays  of  the  Upper  Lias, 
have  a  series  of  beds,  which,  as  deyeloped  in  the  neighbourhood 
Blisworth  and  Northampton,  sometimes  attain  a  total  thickness 
80  feet.     These  consist  in  their  lower  portions  of  ironstones,  ofte^' 
of  great  commercial  yalne.     The  middle  portions  yield  a  red  build- 
ing  stone,  much  used  in,  and  very  characteristic  of,  the  count; 
whilst  the  upper  portion  consists  of  white  sands,  frequently  con — 
taining  a  plant  bed,  and  usually  characterised  byTertical  plani 
markings.  This  latter  is  designated  the  *  Lower  Estuarine  Series,' 
the  whole  group  being  referred  to  the  Inferior  Oolite.  Throughou 
the  country  about  to  be  yisited,  extending  from  Blisworth  in  th 
6.W.  to  Stamford  in  the  N.E.,  points  upwards  of  40  miles  a] 
the  sequence  aboye  detailed  holds  true  in  the  main  for  all  poHions 
of   the    district.     When,    however,    we    get  above  the    Lowe: 
Estuarine  bed,  an  important  difference  is  observed  to  occur.     A 
Blisworth  and  Northampton,  reposing  immediately,  and  perhaps 
unconformably,  on  the  last  mentioned  bed,  occurs  a  bed  of  blue 
clay,  containing  wood,  plants,  and  bands  of  shells,  some  of  which 
are  said  to  be  fresh-water  forms  {Cyrena,  &c.).     A   ferruginous 
band  occurs  at  the  base.     This  clay  has  received  the  name  of  the 
<<  Upper  Estuarine  Series."     It  is  succeeded  by  about  25  feet  of  a 
white,  marly  limestone,  full  of  marine  shells ;  above  which,  where 
the  sequence  is  complete,  is  another  clay,  with  abundance  of  Otirea 
eubrugulosa.    These  three  beds,  viz.,  the  two  clays  and  the  inter- 
mediate limestone,  are  referred  to  the  Great  Oolite.     Above  all, 
there  is  frequently  a  capping  of  Boulder  Clay.     As  we  proceed 
north-eastwards,  however,  it  is  found  that  the  beds  called  Upper 
and  Lower  Estuarine  are  no  longer  in  contact,  but  that  there  is 
intercalated  an  Oolitic  Limestone,  which  presently  assumes  con- 
siderable importance,  and  at  Stamford,  on  the  N.E.  extrendty  of 
the  district  under  consideration,  attains  a  thickness  of  75  feet." 

The  formation  last  referred  to  is  called  the  Lincolnshire  Lijne- 
stone,  but  as  no  portion  of  it  would  be  seen  on  the  first  day  of  the 
excursion,  Mr.  Sharp  deferred  making  any  further  remarks,  and 
gave  the  word  to  proceed  to  inspect  the  Blisworth  Ironstone 
Diggings,  about  a  mile  and  a  quarter  east  of  the  station.  A  few 
men  were  at  work  in  this  quarry,  which  has  a  face,  including  the 
"  baring  "  of  about  30  feet.  The  base,  or  junction  with  the  Upper 
Lias,  was  not  actually  observed,  but  the  Lower  Estuarine  is  seen  at 
tho  top.  The  ironstone  exists  principally  as  a  sesquioxide,  and 
that  portion   selected  by  sifting  is  said  to  contain  as  much  as  40 
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er  cent  of  metallic  iron.     Few,  if  any,  fossils  were  fonnd  by  tbe 
in  this  qnarry,  although  Mr.  Sharp  has  from  time  to  time 
btained  many — all,  or  nearly  all,  as  casts.     A  brief  notice  of  this 
Yonstone  will  be  given  after  detailing  the  rarions  quarries  visited. 

About  a  mile  further  on,  a  quarry  in  the  Great  Oolite  Limestone, 
extracted  chiefly  for  building,  was  visited.     Here  the  party  had  an 
pportnnity  of  observing  about  18  feet  of  Boulder  Clay,  between 
rhich  and  the  limestone  there  occurs  about  18  inches  of  clay  re- 
erred  to  the  period  of  the  Great  Oolite.     Several  characteristic 
fossils  were  found  in  this  quarry. 

On*  his  way  back  to  the  station  and  to  Northampton,  Mr.  Sharp 
']pointed  out  some  buildings    where    the  white  limestone  of  the 
<3reat  Oolite  and  the  red  stone  of  the  Inferior  Oolite  have  been 
^viBed  in  alternate  layers,  with  great  effect  of  contrast. 

The  town  of  Northampton,  at  present  containing  a  population  of 
«U)out  45,000  inhabitants,  is  very  favourably  situated  upon  an  angle 
«)f  high  ground,  sloping  rapidly  towards  the  river  Nene  on  the 
^onth  and  towards  the  northern  branch  of  the  Nene  on  the  west. 
"The  Talleys  of  these  streams  are  excavated  in  the  Upper  Lias. 
TThe  bulk  of  the  town,   therefore,   rests  upon  the  sands  of  the 
inferior  Oolite,  including  under  that  grouping  the  ironstones,  or 
^eir  calcareous  equivalents,  and  the  Lower  Estuarine  Sands.    This 
mass  of  rock,  thus   forming   an  escarpment  of  moderate  slope 
towards  the  south  and  west,  is  further  eaten  away  by  denuding 
«gente^-on  the  north  towards  Kingsthorpe,  and  on  the  east  just 
beyond  Abington — to  such  an  extent  as  to  form  a  peninsula  with  a 
connecting  isthmus  not  much  over  a  quarter  of  a  mile  in  width. 
Such  a  position  would  have  great  military  advantages  in  the  Middle 
Ages,  and  has  probably  had  much  to  do  with  the  historical  im- 
portance of  this  ancient  and  celebrated  town.      It  is  a  peninsula 
of  Inferior  Oolite,  rising  out  of  a  sea  of  Lias.     Yet  the  kings  and 
generals   of  our   early  history,   though   ready  to  profit  by  this 
natural  configuration  of  the  ground,  would  have  no  more  knowledge 
of  the  causes  which  had  produced  it  than  have  the  bulk  of  its  in- 
habitants at  the  present  day. 

After  luncheon,  the  party  proceeded  in  carriages  to  carry  out  the 
programme  of  the  excursion. 

The  afternoon  was  dull  and  threatening,  with  an  occasional  peal 
of  thunder,  but  on  the  whole  the  clouds  behaved  well,  and  the 
drmching  showers  which  fell  only  a  few  miles  away  were  here  not 


126  EXCURSION    TO   N0BTHAMPT0N8HIBE. 

felt.  The  yiews  afforded  of  the  country,  however,  were  compara- 
tiyely  limited,  and  the  general  features  of  its  surface  sculpture  not 
so  obyious  as  would  have  been  the  case  in  clearer  weather.  In  the 
pits  and  quarries  this  was  of  no  consequence,  and  the  party  soon 
found  that  Mr.  Sharp  was  quite  equal  to  the  task  that  he,  alone 
and  unaided,  had  undertaken.  Before  doing  anything  geological, 
the  party  yisited  the  "  round  church  "  of  St.  Sepulchre,  supposed 
to  have  been  built  in  the  time  of  William  the  Conqueror.  It  has 
undergone  many  subsequent  additions  and  subtractions,  giving  rise 
to  much  speculation  amongst  the  learned  in  such  matters.  Mr. 
Sharp,  Mr.  Parker,  and  the  clerical  Members  came  to  the  front  on 
this  occasion.  The  first  group  of  excavations  visited  all  lay  on  the 
north  side  of  the  town.  The  lowest  of  these  is  the  ELingsthorpe 
Brick-pit,  where  the  ferruginous  beds  of  the  Northampton  Sand  are 
seen  in  contact  with  the  Upper  Lias,  on  which  they  repose.  This 
is  the  only  one  of  the  numerous  sections  hereabouts  where  the 
actual  contact  was  observed.  There  seems  to  be  a  rubbly  broken 
bed  about  the  junction,  which  may  be  a  distinct  passage-bed,  or 
merely  the  disturbed  upper  surface  of  the  Lias  Clay  mixing  with 
the  Northampton  Sand  above.  Unless  there  is  a  fresh,  vertical 
face  at  some  distance  below  the  actual  surface  of  the  soil,  the  indi- 
cations are  more  or  less  obscure.  The  Nursery  Pit  is  a  continuation 
upwards  of  the  Northampton  Sand  of  the  last  pit.  The  beds  here 
are  ferruginous,  but  chiefly  calcitic,  sandstones,  largely  false- 
bedded,  and  sometimes  Oolitic  in  texture.  There  are  several 
vertical  pipes  to  be  observed — a  phenomenon  common  enough  in 
chalk-pits,  but  the  peculiarity  here  is  that  the  upper  ferruginous 
beds  are  not  attacked  by  the  solvent,  and  consequently  form  a  sort 
of  bridge  at  the  top  of  the  pipes.  No  fossils  were  found  in  this 
quarry,  though  many  hammers  were  brought  to  bear  upon  its 
layers  of  rock. 

In  the  Kingsthorpe  Sand-pit,  the  white  sandy  Lower  Estuarine 
was  observed,  with  its  characteristic  carbonaceous  beds,  from  which 
a  few  species  of  Oolitic  plants  have  occasionally  been  obtained.  A 
considerable  mass  of  compact  red  sandrock  was  here  noticed  ;  this 
runs  into  loose  white  sand  both  above  and  below.  Continuing  to 
ascend,  the  party,  on  the  high  grounds  of  Kingsthorpe  (Moulton 
Park),  again  made  the  acquaintance  of  the  Great  Oolite  Lime- 
stone, and  those  who  were  intent  upon  fossils  found  these  marly 
cream-coloured  rocks  much  better  hunting  ground  than  the  sandy. 
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irony,  and  calciferons  beds  which  go  to  make  up  the  Northamp- 
ton Sand  of  the  Inferior  Oolite.  Rhynchonella  concinna,  Modiola 
ifnhricata,  Myadtea  calcei/ormiSf  and  Ostrea  Sowerhyi^  were  to  be 
picked  np  in  abundance.  Besides  these,  specimens  of  Clypeua 
MalUrij  the  characteristic  Pinna  ampla,  Myopsis  dilatatus  (stunted 
specimen),  Isocardia  tenera,  and  several  others,  were  obtained. 
Mr.  Sharp  pointed  out  also  a  hard  semi-crjstalline  bed,  crowded 
with  Alaria,  Nerinceay  Astarte,  and  other  shells,  but  in  such  a 
matrix  as  to  defy  extraction  without  time  and  proper  appliances. 

Descending  eastward,  the  Boughton  Qreen  Quarry  was  visited, 
where,  as  in  the  Nursery  Pit  previously  noticed,  the  base  of  the 
Northampton  Sand  appears  as  a  limestone  more  or  less  sandy,  and 
not  obviously  fossiliferous.  Indeed,  up  to  this  point  not  a  fossil 
Had  been  secured  by  any  of  the  party  from  the  Northampton  Sand 
as  evidence  of  its  geological  horizon.  At  Bass's  Pit,  however, 
nearer  Northampton,  a  single  specimen  of  the  very  characteristic 
Hhynchonella  cynocephala  was  secured.  Yet,  by  watching  care- 
fully, Mr.  Sharp  has  obtained  from  these  pits  and  elsewhere,  a  large 
series,  in  species  more  numerous  than  has  been  obtained  from  the 
much  more  fossiliferous  Great  Oolite  above. 

This  completed  the  inspection  of  the  north  side  of  the  town, 
through  which  the  party  now  passed  out  towards  the  west,  not, 
however,  before  making  a  pilgrimage  en  passant  to  the  tomb  of 
William  Smith,  "  The  Father  of  English  Geology,"  who,  whilst 
journeying  to  a  meeting  of  the  British  Association,  was  in  this 
town  arrested  by  death,  and  buried  in  St.  Peter*s  churchyard.  His 
friends  apparently  have  acted  on  the  principle,  "  Where  the  tree 
falls  there  let  it  lie.'* 

The  Duston  Quarries  presented  the  most  imposing  section  of 
the  ironstone  series  of  the  ^*  Northampton  Sand  "  visited  during 
the  excursion,  having  22  feet  of  ironstone  alone.  A  few  words, 
therefore,  on  the  mineral  condition  and  palseontology  of  these  beds 
as  developed  in  the  neighbourhood  generally  may  here  find  an 
appropriate  place.  Amongst  the  few  fossils  secured,  were  Pecten 
personatus  and  Oervillia  Hartmanni;  but,  as  in  all  other  quarries 
of  this  stone,  there  were  very  few  to  be  found.  Mr.  Sharp's  col- 
lection, however,  is  so  rich  as  to  supply  all  that  is  required  for 
readmg  the  life  history  of  the  period  to  which  these  beds  must  be 
assigned.  The  majority  of  fossils  from  this  place  occur  as  casts. 
Judging  from  data  thus  supplied,  there  can  be  very  little  doubt  that 
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these  beds  belong  to  the  Inferior  Oolite,  and  to  the  lowest  zone  of 
that  fonnation,  as  might  indeed  have  been  inferred  from  their 
resting  immediately  on  the  Upper  Lias  Claj.  It  is  not  quite  clear 
whether  the  passage  or  "  Opalinns-beds"  should  be  included ;  bat  as 
Ammonites  Murchisonce  occurs  tolerably  high  up  in  the  ironstone, 
that  is  at  least  probable,  and  many  other  facts  such  as  the  occur- 
ence of  Rhynchonella  cynocephala  point  in  the  same  direction. 
Cardium  Buckmanni,  Pholadomya  fidiculay  Ceromya  Bajociane^ 
Isocardia  cordata,  Terehratnla  ovoidea  ( T,  trilineata  of  Young  and 
Bird),  and  numerous  species  of  Lima  and  CucullcBa,  peculiar  to 
the  Inferior  Oolite,  all  tend  to  prove  the  true  position  of  the  iron- 
stone ;  which  indeed  could  never  have  been  assigned  to  any  other 
formation  if  the  extensive  series  of  fossils  obtained  since  the 
working  of  these  numerous  quarries  had  been  available  at  an 
earlier  period.  Their  resemblance  in  many  respects  to  the 
"  Dogger,"  of  North-east  Yorkshire  is  most  remarkable,  as  was 
some  time  ago  pointed  out  to  Mr.  Sharp  by  Dr.  Lycett.  This 
latter  fact  suggests  many  reflections  as  to  the  original  condition  and 
subsequent  metamorphism  of  these  very  singular  beds.  At  pre- 
sent, the  bulk  of  the  mass  consists  of  a  yellow  friable  earth,  partly 
sandy  and  partly  Oolitic,  seamed  in  all  directions  by  hard  bands, 
consisting  chiefly  of  hydrous  peroxide  of  iron.  This,  when 
sifted,  constitutes  a  considerable  portion  of  the  commercial  ore, 
and  contains,  perhaps,  somewhat  under  40  per  cent  of  metallio 
iron.  About  1,800  tons  of  it  are  raised  weekly  in  the  Duston 
Quarries.  In  some  places  there  occurs  a  line  of  nodules  of  ferrous 
carbonate,  and  in  the  Duston  Quarries  a  very  striking  feature  is  a 
thick  band  of  greyish  green  iron-stone,  low  down  in  the  series, 
which  is  rejected  on  account  of  the  quantity  of  phosphoric  acid 
which  it  contains.  This  is,  for  the  most  part,  a  carbonate  of  iron, 
with  perhaps  some  silicate.  Such  is  a  very  brief  outline  of  the 
present  condition  of  the  beds.  That  this  condition  is  the  result  of 
chemical  changes,  occurring  at  more  that  one  period  in  the  history 
of  these  rocks,  the  traces  of  so  many  organic  remains  prove  most 
conclusively.  And  here  the  study  of  the  contemporary  (in  a  geo- 
logical sense)  ferruginous  Oolites  of  Yorkshire  may  help  us  much. 
Taking  the  Dogger-beds  at  Blue  Wyke,  we  find  an  arenaceous 
Oolite,  in  which  there  is  hardly  any  Hme.  The  ova  there  consist 
almost  entirely  of  ferrous  carbonate.  It  might  be  contended  by 
those  who  are  disposed  to  ''  strain  at  a  gnat  and  swallow  a  camel" 
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that  this  is  a  condition  of  original  deposition.     Fortunately,  there 
is  a  fine  series  of  the  shells  ef  MoUosca  in  these  heds,  which  hare 
undergone  a  simflar  change,   and  are  almost  wholly  converted 
into  spathic  iron.    The  legitimate  inference  is  that  a  salt  of  iron 
has  replaced  a  salt  of  lime  whererer  the  latter  was  present  in  the 
rock.     Some  are  not  satisfied  with  this  explanation  because  they 
do  not  exactly  see  what  has  become  of  the  lime.     Snch  objectors 
might  stndy  the  history  of  pseudomorphic  action,  as  exhibited 
from  the  earliest  times,  with  advantage.     The  source  of  such  vast 
quantities  of  iron  is  a  far  more  obscure  question ;  but  as  the  iron 
nndonbtedly  is  there  now,  whether  it  arrived  by  deposition  or  re- 
placement matters  little.     It  must  be  borne  in  mind  that  most,  if 
not  all,  of  these  Oolitic  ironstones  either  in  Yorkshire  or  North- 
amptonshire, are  overlain  by  porous  sandy  beds,  which  frequently 
contain  considerable  traces  of  carbonaceous  matter.     This  pro- 
bably is  but  a  vestige  of  what  once  existed  in  the  peaty  beds 
accompanying    *<estuarine"    conditions.     Layer  after    layer    of 
micaceous  sands,  rich  in  iron,  have  been  permeated  by  organic 
adds,  the    products    of    the    decomposition  of  these  vegetable 
masses,   which  attacking  the  mica  and  any  such  basic  minerals 
which  might  be  present,  removed  their  more  soluble  constituents, 
and  thus  by  perpetually  exhausting  the  sands,  left  those  bleached 
and  partly  coherent  masses  which  so  often  overlie  the  ironstone 
beds.     This  is  probably  one  source  of  the  iron  ;  as  the  solution, 
originating  in  the  manner  described  above,  and  the  ultimate  de* 
composition  of  which  would  most  probably  result  in  the  formation 
of  carbonates,  might  possibly,  in  the  presence  of  an  excess  of  car- 
bonic acid,  decompose  and  replace  any  porous  lime  carbonates  they 
might  meet  with  in  their  descent.     The  presence  of  an  impervious 
bed  of  clay  at  the  base  of  such  rocks  would  materially  facilitate 
the  operation,  by  keeping  the  original  Oolite  in  a  sort  of  bath, 
containing  a  solution  of  the  replacing  salt;  though,  of  course,  the 
lijdfostatic  pressure  of  the  water  would  ultimately  force  the  solu- 
tion containing  the  intruded  mineral  to  find  an  exit  somewhere 
^oag  the  lines  of  least  resistance ;  or  it  might  be  removed  by 
'ijuple  diffusion  in  cases  where  the  pressure  was  equal  on  all  sides, 
^o   Yorkshire  Oolitic  ironstones  remain  carbonates  still  in  many 
^^^  probably  because  they  have  a  great  mass  of  rock  above 
^^<X2.    Those  in   Northamptonshire  have   undergone    a    second 


^^^lical  change,  principally  from  the  action  of  oxygenated  waters  ; 
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wbich  have  had  the  corions  effect  of  prodacing  a  sort  of  ceatii 
fugal  motion  of  the  resulting  oxide,  which  enables  the  owner  U 
get  rid  of  a  good  deal  of  foreign  matter  by  the  simple  process  o 
sifting.  The  whole  subject  as  suggested  by  a  contemplation  o 
these  beds  is  extremely  interesting,  and  the  above  remarks  must  b 
deemed  a  mere  nibble  at  so  vast  a  question. 

The  last  place  visited  was  Watkin's  Brick-pit,  where  the  Uppe 
Estuarine  clay  is  capped  by  a  few  feet  of  Great  Oolite ;  close  by  i 
a  pit  of  Lower  Estuarine,  separated  from  the  Upper  by  a  ferni 
ginous  band,  not  observed  on  this  occasion. 

Mr.  Sharp  then  conducted  the  party  to  Dallington  Hall,  wher 
he  and  his  family  most  hospitably  entertained  the  Members.  Th 
rest  of  the  evening  was  spent  in  inspecting  Mr.  Sharp's  magnifi 
cent  collection  of  local  fossils. 

On  the  following  day,  an  early  start  was  made  by  train  fo 
Stamford,  about  40  miles  distant.  The  line  runs  due  north  as  fa 
as  Market  Harborough,  through  an  undulating  country,  chiefly  i: 
the  Upper  Lias,  yielding  no  good  sections  by  the  way.  A  sort  o 
escarpment  of  the  Northampton  Sand  flanks  the  route  on  the  easi 
as  far  as  Maidwell,  where  the  first  indications  of  the  Lincolnshir 
Limestone  put  in  an  appearance.  Li  this  neighbourhood,  th 
country  is  extremely  fertile  and  beautiful;  and  seen  on  a  fin 
spring  morning  like  this,  with  its  May-crowned  hedge-rows,  it 
lofty  trees  in  their  freshest  green,  and  the  great  luxuriant  pasture 
teeming  with  sheep  and  cattle,  it  presents  a  truly  smiling  pictun 
which  may  be  deemed  characteristic  of  this  fair  Midland  count} 
All  this  wealth  of  soil  must  be  due  to  the  mixing  of  the  rich  day 
of  the  Upper  Lias  with  the  sands  and  calcareous  matter  derive 
from  the  destruction  of  the  once  overlying  beds.  From  Marke 
Harborough  to  Stamford,  the  mean  direction  of  the  route  wa 
N.E.,  and  chiefly  along  the  Welland  valley,  which  is  flanked  on  th 
S.E.  by  a  fine  escarpment  capped  by  the  Lincolnshire  Limeston 
on  the  edge  of  which  Cottingham,  Rockingham  Castle,  and  Qretto; 
are  commandingly  perched. 

Arrived  at  the  Stamford  Station,  Mr.  ^  Sharp  drew  attention  t 
the  great  dislocation  which  has  occurred  on  the  south  side  of  th 
Welland  valley,  and  which  may  be  partly  traced  to  the  railwa 
cutting.  The  general  effect  of  this  dislocation  is  to  divide  th 
Inferior  Oolite  beds  of  St.  Martin's  from  those  at  the  top  of  th 
hill  on  the  London  road,  a  mass  of  Upper  Lias  being  wedged  i 
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betnnreen  them.  This  was  also  obseryed  as  the  party  ascended  the 
liili  ti^wards  Lord  Exeter's  m)nstone  quarries,  which  were  visited, 
as  also  a  quarry  for  road  metal,  where  the  party  first  made  the 
Acquaintance  of  the  Lincolnshire  Limestone,  here  a  pale-coloured 
Oolit^e,  not  very  fossiliferous.  The  ironstone  section  was  poor 
.pared  with  some  the  party  had  visited  during  the  previous  day, 
does  it  appear  that  there  are  any  very  valuable  quarries 
'^Northampton  Sand"  hereabouts.  After  luncheon  at  the 
ge  Hotel,  once  a  celebrated  coaching  house,  on  the  site  of  the 
►Violent  hostel  of  the  Abbey  of  Croyland,  the  party  drove  through 
St^axKiford,  which  might  be  described  as  the  stone  town  or  city  of 
ches,  and  up  the  hill  on  the  north  to  the  top  of  Stamford 
From  the  level  of  the  Welland  to  this  plateau  there  is  a 
of  about  200ft.  vertical,  made  up  of  the  following  beds  in 
^^^o^nding  order : — 

{Combrash — just  a  cap  on  the  summit. 
Great  Oolite  Clay-not  exposed. 
Great  Oolite  Limestone — base  just  seen. 
Upper  Estuarine  Series — Torkington's  Brick-pit. 

Inferior     f  Lincolnshire  Limestone— many  quarries. 
0"^*«      (Fe^^gboSedB   }  Northampton  Sand. 
Upper  Lias  Clay — a  few  feet. 

Workington's  Brick-pit  presents  an  interesting  section  of  about 
*^ ft.— principally  variegated  clays,  referred  to  the  Great  Oolite, 
•^^     traced    by  the   Geological  Survey  to  the  horizon   of  the 
^toxiesfield    Slate.     It  is  known  in  Mr.  Sharp's  Memoir  as  the 
Tipper   Estuarine,"  is  of  variable    composition    and    thickness, 
^''^uently   sandy,   and   is  always   found  in  this  district  under- 
Ijing  the  Great  Oolite  Limestone.      Several  of  the  clay  bands 
*i^    pierced  by   vertical  carbonaceous  markings,    and    are    also 
sHelly;  some  fossils  were  picked  up,  but  their  condition  was  such 
^     to  render    them  very    difficult  of    identification.       Modiola 
^^ricata    and    other    bivalves    were     amongst    them.        The 
brackish-water  genus    Cyrena  was  found.     The  last  two   exca- 
vations  visited  within  the   Stamford  area,  north    of  the   town, 
^1^    quarries    in    the    Lincolnshire    Limestone.      In    Simpson's 
Q^^s^,  from  which  is  obtained  some  of  the  best  building-stone 
m    England,   and  the  beds  of  which  are  geologically  the  same 
tf    those  at  Kettony  viz.,  the  upper  part  of  the  Lincolnshire 
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Limestone,  the  blocks  obtained  are  of  great  size,  yery  nniform 
in  their  composition,  consisting  of  a  fine-grained  Oolite,  and  ring 
like  a  bell  when  struck  with  the  hammer.  AboTO  the  Lime- 
stone, occur  about  15ft.  of  the  Upper  Elstuarine  GlajSy  with  a 
ferruginous  band  towards  the  base,  as  is  usual.  About  the  line 
of  junction,  there  is  often  a  thin  band  of  white  friable  alumi- 
nous earth,  somewhat  of  the  nature  of  Scarbroite.  In  l^nkler's 
Qnarrj  still  lower  beds  of  the  Lincolnshire  Limestone  are  ob- 
tained, including  a  Shale-bed,  said  to  contain  many  shellfty  well 
preserved,  but  crushed.  Below  this  is  a  hard  blue  -hearted  limestone 
containing  coral,  Nerinoea^  and  many  other  fossils — the  "  Stamford 
Marble."  Some  fragments  of  coral  were  obtained  by  the  party, 
but  neither  here  nor  in  the  other  quarry  were  the  spoils  of  the 
Lincolnshire  Limestone  of  much  consequence.  One  or  two  casts 
of  Natica  LeckhavipUmenaiSy  a  specimen  of  iMcina  Wrighiiij  and  % 
doubtful  Trtgoniaj  were  about  all  that  came  under  the  reporter's 
notice.  These  and  adjoining  quarries  have,  however,  been  watched 
for  a  number  of  years  by  careful  palaeontologists,  and  notably  by 
Mr.  Sharp,  Mr.  Bentley,  and  Professor  Morris.  It  is  in  their 
collections,  and  especially  in  that  of  Mr.  Sharp,  that  the  evidence 
of  the  geological  horizon  of  the  Lincolnshire  Limestone  must  be 
sought.  For  many  years  there  was  a  general  inclination  to  class 
these  important  beds  (the  Lincolnshire  Limestone)  with  the  Great 
Oolite  ;  but  the  Geological  Survey  has  ultimately  decided  to  place 
them  at  the  top  of  the  Inferior  Oolite  formation,  of  which,  through- 
out the  county  of  Lincoln,  they  form  by  far  the  most  important 
member.  Notwithstanding  their  apparent  poverty  of  fossils  in  the 
limestone  quarries  of  Stamford,  no  less  than  315  forms  have  been 
noted  by  Mr.  Sharp  from  all  parts,  including,  of  course,  the  Colly- 
weston  Slates,  a  local  group  at  the  base  of  the  series.  One  of  the 
most  remarkable  features  of  this  extensive  fauna  is  the  scarcity  of 
Cephalopoda,  especially  of  ammonites.  Ammonites  terehratus^ 
Phill.  {A.  macrocephaluSy  Schlot,,  A,  Harvet/i,  Sow.),  marked  as 
occurring,  is  a  characteristic  Combrash  form.  A,  Murchisona  and 
A.  subradiatuSy  however,  are  the  two  other  species  quoted,  and 
these  represent  very  low  zones  of  the  Inferior  Oolite. 

The  party  now  set  their  faces  homewards,  and,  driving  rapidly 
through  Stamford,  mounted  the  great  plateau  on  the  south  side  of 
the  Welland,  on  which  is  situated  the  village  of  Colly  weston,  some 
four  miles  distant. 
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The  <<  slate"  is  a  sandy  laminated  limestone,  yerj  hard,  and  some- 
times blue-hearted.  Lithologically  it  is  not  unlike  Stonesfield 
Slate.  As  the  (}eologi8ts*  Association  had  visited  Stonesfield 
at  Easter,  those  who  attended  both  excursions  had  a  good  oppor- 
tunity of  comparing  the  two  ''  slates."  The  state  of  the  fossils 
(occurring  chiefly  as  compressed  casts)  is  exactly  the  same,  and 
altogether  there  is  a  general  external  resemblance,  which  is  very 
striking.  Moreoyer,  in  each  case,  fossils  are  very  abundant,  but 
of  a  somewhat  different /octe^.  Qervillia  acuta  occurs  plentifully 
in  each,  and  there  is  likewise  here  a  Trigonia  not  unlike  T.  im- 
pre$$a  of  Stonesfield,  but  beyond  this  point  there  is  not  much 
resemblance  in  their  respective  faunas.  The  party  collected  seyeral 
species  here,  as  Uinniies  velatua^  Pinna  cuneata,  Avicula  Braam^ 
hurensi»f  Cenmya  sp.y  Cardiun  Buckmanm,  CucuUcsa  cancellata^ 
Modiola  Sawerbyana,  Trigonia  pulltu,  T,  compta.,  and,  most  char- 
act^istic  of  all,  Pterocera  Bentleyi,  Plants  and  some  teeth  and 
scales  of  fish  occur,  but  the  formation  appears  deficient  in  the 
remains  of  insects,  reptiles,  and  mammals,  which  are  the  glory  of 
the  Stonesfield  beds.  After  a  delightful  driye  through  Ketton,  em- 
bellished, like  so  many  of  the  towns  and  yillages  hereabouts,  by  a 
really  noble  church,  and  thence  aloug  the  Stamford  and  Upping- 
ham high  road  to  Luffenham  Station,  the  party  took  the  rails  once 
more,  and  arrived  at  Northampton  at  7  p.m. 

Before  finally  separating,  the  thanks  of  the  excursion  party 
were  most  heartily  tendered  to  Mr.  Sharp  for  his  hospitality  on 
the  previous  evening,  and  for  the  kindness  and  unwearied  zeal 
which  he  had  exhibited  during  two  long  and  arduous  days. 
Although  it  might  have  been  a  matter  of  regret  that  Mr.  Sharp 
had  been  without  assistance,  yet  had  he  been  fully  equal  to  the  task 
thus  imposed  upon  him  alone.  Mr.  Sharp's  claims  as  having  con- 
tributed so  materially  to  a  proper  understanding  of  Lower  Oolite 
geology  in  the  Midland  Counties  were  pointed  out.  The  Lower 
Oolitic  region  of  the  Cottes wolds,  and  of  the  S.W.  generally,  had 
long  been  the  classic  ground  of  geological  study.  There  the  for- 
mation is  chiefly  marine  in  its  types,  and  in  that  region  the  Great 
Oolite  group  is  well  developed.  For  this  reason,  perhaps,  when 
geologists  sought  to  correlate  the  Lower  Oolites  of  the  rest  of 
England  with  the  typical  districts,  they  were  apt  to  refer  too  much 
to  the  Great  Oolite.  Hence,  in  Yorkshire,  where  the  organic  beds 
are  few  and  fossils  comparatively  rare,  or  at  least  difiicult  to  pro- 


134  EXCURSION   TO   NORTH AMPTONBHIRB. 

cure,  Professor  Phillips  referred  most  of  the  series  to  the  Great  (or 
Bath)  Oolite.  At  a  suhsequent  period  Professor  Morris,  in  dea- 
crihing  the  sections  on  the  Qreat  Northern  Railway,  noted  the 
important  beds  of  limestone  south  of  Grantham;  and,  althoagh 
that  eminent  palaeontologist  was  much  struck  with  the  important 
differences  presented  by  the  fauna  of  these  beds  to  what  obtains  in 
the  typical  Great  Oolite  districts  of  the  South-West  of  E2ngland, 
he  seems,  though  with  much  hesitation,  to  have  referred  them  to 
the  Great  Oolite.  Subsequently,  not  being  entirely  satisfied,  and 
knowing  the  great  difficulty  there  must  be  in  reconciling  the 
phenomena  of  the  North- Eastern  and  South- Western  Oolitic  areas, 
he  yentured  to  predict  that  the  key  of  the  arrangement  was  to  be 
sought  in  the  district  between  Northampton  and  Stamford,  the 
very  district  trayersed  by  the  excursion  that  day.  It  was  shown 
that  Mr.  Sharp  and  Mr.  Judd  had  succeeded  in  finding  that  key, 
which  had  unlocked  the  mystery  that  had  puzzled  geologists  for  so 
many  years.  This  was  no  less  than  the  laying  down  and  defining 
the  boundaries  of  that  remarkable  mass  of  limestone,  which,  coin- 
mencing  in  a  thin  bed  a  few  miles  N.E.  of  Northampton,  hence- 
forth divided  the  two  estuarine  series,  and  at  Stamford  has  already 
obtained  a  thickness  of  75  feet.  Mr.  Sharp's  collection,  which 
Members  had  the  privilege  of  inspecting  on  the  preyious  eyening, 
contained,  as  it  were,  the  vouchers  by  which  the  age  of  this,  the 
Lincolnshire  Limestone,  was  to  be  known. 


ORDINARY  MEETING,  June  6th,  1874. 
Henry  Woodward,  Esq.,  F.R.S.,  E.G.S.,  &c.,  in  the  Chair. 

The  following  Donations  were  announced  : — 

"  Abstracts  of  Proceedings  of  the  Geological  Society  of  London  ;'* 
from  that  Society. 

"Journal  of  the  Quekett  Microscopical  Club,"  April,  1874; 
from  that  Club. 

"  Proceedings  of  the  Bristol  Naturalists'  Society ;"  from  that 
Society. 

''  Proceedings  of  the  Warwickshire  Naturalists'  and  Archaeolo- 
gists' Field  Club,"  1878  ;  from  that  Club. 

"  Proceedings  of  the  Archceological  and  Natural  History 
Society  of  Somersetshire  ;"  from  that  Society. 
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The  following  were  elected  Members  of  the  Association  : — 

Baron  de  la  Taille  des   Essarts;    Francis   Robert  Morrison, 
Esq. ;  and  John  T.  Young,  Esq. 

The  following  Papers  were  read  : — 

1.  Oh  the  Lower  Greens akd  and  Oault  of  Folkestone. 

By  F.  G.  H.  Price,  Esq.,  F.G.S.,  F.R.G.8,  M.A.I. 

It  is  my  intention  this  evening  to  lay  before  yon  a  short  account 
of  the  Upper  Neocomian  and  Qnnlt  of  Folkestone,  than  which 
place  I  may  remark,  for  the  benefit  of  those  who  happen  to  be  un- 
acquainted with  the  district,  there  is  no  better  locality  on  the 
south-east  coast  of  England  for  the  student  of  Cretaceous  geology. 
If  he  makes  that  interesting  old  town  his  head  quarters,  he  can 
take  some  most  yaluable  and  instructiye  rambles  into  the  sur- 
rounding distnct,  where  fine  and  extended  sections  of  all  the 
Tarious  stages  of  the  Cretaceous  beds,  from  the  Wealden,  west  of 
Hythe,  to  the  Upper  Chalk,  near  Dover,  can  be  found. 

The  Lower  Greensand. 

The  town  of  Folkestone  is  situated  upon  the  Folkestone  Beds  of 
the  Upper  Neocomian. 

In  order  to  find  the  base  of  the  Upper  Neocomian  series,  we 
must  go  to  Aldington  Knowl,  situated  about  five  miles  westward 
of  Hythe,  where  the  Atherfield  Clay  forms  a  long  inland  cliff  ex- 
tending to  Hythe,  but,  as  we  are  informed  by  Mr.  Drew,  F.G.8., 
in  the  "  Memoirs  of  the  Geological  Survey,"  the  beds  of  the  Kentish 
Bag  have  slipped  down  and  covered  it  up,  consequently  it  is  seldom 
seen.  It  is  about  30  feet  in  thickness,  and  may  be  seen  at  very 
low  water  on  the  shore  near  Shomcliffe  Battery.  The  Hythe 
Beds  likewise  make  their  first  appearance  at  Aldington  Knowl ;  the 
lower  ground  to  the  south  being  occupied  by  the  Weald  Clays ; 
very  fine  sections  of  the  Hythe  Beds  or  Kentish  Bag  may  be 
seen  in  the  quarries  at  the  back  of  the  town  of  Hythe,  from 
whence  the  Bag-stone  is  extracted  largely  for  building.     It  is  a 

limestone  of  a  bluish  colour,  very  hard,  alternating  with  bands  or 
beds  of  clayey  sand,  locally  termed   "  Hassock,''  which  is  very 

fossiliferous.     A  lengthy  list  of  fossils  from  these  beds  maj  be 

seen  in  the  "  Memoirs  of  the  Geological  Survey :  On  the  Geology 
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cure,  Professor  Phillips  referred  most  of  the  series  to  the  Great  (or 
Bath)  Oolite.  At  a  subsequent  period  Professor  Morris^  in  des- 
cribing the  sections  on  the  Great  Northern  Railwaj,  noted  the 
important  beds  of  limestone  south  of  Grantham;  and,  although 
that  eminent  palceontologist  was  much  struck  with  the  important 
differencea  presented  by  the  fauna  of  these  beds  to  what  obtains  in 
the  typical  Great  Oolite  districts  of  the  South-West  of  England, 
he  seems,  though  with  much  hesitation,  to  have  referred  them  to 
the  Great  Oolite.  Subsequently,  not  being  entirely  satisfied,  and 
knowing  the  great  difficulty  there  must  be  in  reconciling  the 
phenomena  of  the  North- Eastern  and  South-Western  Oolitic  areas, 
he  yentured  to  predict  that  the  key  of  the  arrangement  was  to  be 
sought  in  the  district  between  Northampton  and  Stamford,  the 
very  district  traversed  by  the  excursion  that  day.  It  was  shown 
that  Mr.  Sharp  and  Mr.  Judd  had  succeeded  in  finding  that  key, 
which  had  unlocked  the  mystery  that  had  puzzled  geologists  for  so 
many  years.  This  was  no  less  than  the  laying  down  and  defining 
the  boundaries  of  that  remarkable  mass  of  limestone,  which,  com- 
mencing in  a  thin  bed  a  few  miles  N.E.  of  Northampton,  hence- 
forth divided  the  two  estuarine  series,  and  at  Stamford  has  already 
obtained  a  thickness  of  75  feet.  Mr.  Sharp's  collection,  which 
Members  had  the  privilege  of  inspecting  on  the  previous  evening, 
contained,  as  it  were,  the  vouchers  by  which  the  age  of  this,  the 
Lincolnshire  Limestone,  was  to  be  known. 
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The  following  Donations  were  announced  : — 

"  Abstracts  of  Proceedings  of  the  Geological  Society  of  London  ;'* 
from  that  Society. 

"Journal  of  the  Quekett  Microscopical  Club,"  April,  1874; 
from  that  Club. 

''  Proceedings  of  the  Bristol  Naturalists'  Society  ;*'  from  that 
Society. 

'<  Proceedings  of  the  Warwickshire  Naturalists'  and  Archaeolo- 
gists' Field  Club,"  1878  ;  from  that  Club. 

"  Proceedings  of  the  Archceological  and  Natural  History 
Society  of  Somersetshire  ;"  from  that  Society. 
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The  following  were  elected  Members  of  the  Afisociation  : — 

Baron  de  la  Taille  des  Essarts;    Francis   Robert  Morrison, 
Esq. ;  and  John  T.  Tonng,  Esq. 

The  following  Papers  were  read  : — 

1.  Oh  the  Lower  Greens  and  and  Oault  of  Folkestone. 

By  F.  G.  H.  Price,  Esq.,  F.G.S.,  F.R.G.8,  M.A.I. 

It  is  mj  intention  this  evening  to  lay  before  you  a  short  account 
of  the  Upper  Neocomian  and  Gault  of  Folkestone,  than  which 
place  I  may  remark,  for  the  benefit  of  those  who  happen  to  be  un- 
acquainted with  the  district,  there  is  no  better  locality  on  the 
sonth-east  coast  of  England  for  the  student  of  Cretaceous  geology. 
If  he  makes  that  interesting  old  town  his  head  quarters,  he  can 
take  some  most  raluable  and  instructiye  rambles  into  the  sur- 
rounding district,  where  fine  and  extended  sections  of  all  the 
Tarious  stages  of  the  Cretaceous  beds,  from  the  Wealden,  west  of 
Hythe,  to  the  Upper  Chalk,  near  Dover,  can  be  found. 

The  Lower  Greensand. 

The  town  of  Folkestone  is  situated  upon  the  Folkestone  Beds  of 
the  Upper  Neocomian. 

In  order  to  find  the  base  of  the  Upper  Neocomian  series,  we 
xunst  go  to  Aldington  Knowl,  situated  about  five  miles  westward 
of  Hythe,  where  the  Atherfield  Clay  forms  a  long  inland  cliff  ex- 
tending to  Hythe,  but,  as  we  are  informed  by  Mr.  Drew,  F.G.S., 
in  the  "  Memoirs  of  the  Geological  Survey,"  the  beds  of  the  Kentish 
Rag  have  slipped  down  and  covered  it  up,  consequently  it  is  seldom 
seen.  It  is  about  30  feet  in  thickness,  and  may  be  seen  at  very 
low  water  on  the  shore  near  Shorncliffe  Battery.  The  Hythe 
Beds  likewise  make  their  first  appearance  at  Aldington  Knowl ;  the 
lower  ground  to  the  south  being  occupied  by  the  Weald  Clays ; 
Tery  fine  sections  of  the  Hythe  Beds  or  Kentish  Hag  may  be 
seen  in  the  quarries  at  the  back  of  the  town  of  Hythe,  from 
whence  the  Rag>stone  is  extracted  largely  for  building.     It  is  a 

limestone  of  a  bluish  colour,  very  hard,  alternating  with  bands  or 
beds  of  clayey  sand,  locally  termed   "Hassock,**  which  is  very 

fossiliferous.     A  lengthy  list  of  fossils  from  these  beds  maj  be 

seen  in  the  ''  Memoirs  of  the  Geological  Survey :  On  the  Geology 


ocnoH  or  upfkb  neocouu^  beds,  folki 

OmU,  lOMCf  iBMtfiM  lite 


V.  O.  R.  PBICB  OH  TEX  LOWXR  ORSKH81HD,  &0.  137 

o€  f  olkflrtone,  Ac.,"  poblished  with  Sheet  IV.  of  the  Survey  Maps. 
^1^18  deposit  has  a  total  thickness  of  60  feet.  I  hare  not  examined 
ll^^se  beds  lithologically,  althoagh  I  have  yisited  the  qaarries 
se^vcrtl  times,  and  hare  made  a  considerable  collection  of  fossils 
from  the  Tarions  beds  in  that  formation*  I  shall  at  present 
rie^jrain  from  giving  any  list  of  the  fossils  collected  until  I  shall 
l^fl^^ve  had  time  to  work  ont  the  beds  systematically. 

^e  Hythe  Beds  are  succeeded  by  the  Sandgate  Beds  of  the 
TJTpper  Neocomian,  which  come  on  between  Hythe  and  Shomcliffe ; 
t*b  ej  dip  N.N.E.y  until  they  finally  disappear  beneath  the  shore  line 
Ik  little  eastwards  of  Folkestone  Harbour. 

^e  Sandgate  Beds  are  the  next  in  the  series ;  they  consist  of 
d  A'k  sands  and  clayey  sands  supposed  to  attain  a  thickness  of  80 
f^c^t    They  rest  upon  the  Hythe  Beds  of  the  same  formation. 

I  have   lately  had  an   opportunity   of  visiting  these  beds  in 

company  with  Mr.   Jukes    Browne,    of    Cambridge,    and    John 

^^rifliths,  with  whom  I  examined  them  carefully  at  Folkestone, 

^•^t  of  the  harbour,  and  above  the  turnpike  on  the  Sandgate  Road. 

■  ■"©    result  of  our  examination  was,  that  we  came  to  the  con- 

^''Jslon  that   this  division  of  the   Upper    Neocomian    might  be 

*^**<iivided  into  four  beds,  to  which  I  have  affixed  numbers. 

^o.  1. — The  base  bed  is  composed  of  black  sands,  which  are 

^11    seen  at  spring  tides  on  the  shore  a  little  eastward  of  Folke- 

^^^e  Harbour ;  at  the  top  of  this  bed  many  nodules  of  iron  pyrites 

Tp^^T,  which  frequently  envelope  specimens  of  Rhynchonella  sulcata. 

*^^     lower  part  of  this   bed  I  have  not  had  an  opportunity  of 


lining.      This    bed  is  appropriately    called  the    ''  Zone   of 
^^Tichonella  sulcata^^*  as  large  numbers  are  found  in  it.     This 
^^"^^e  is  very  fossiliferous.     The  following  is  a  list  of  the  fossils 
^""^^ned  from  it : — 

^V'ood.  Ezogyra  uDuata  (Sow.) . 

Cones.  Gerrillia  ancepa  (Desh.). 

Shynobonella  niloata  (Park.).  Myaoites  plicata  (Sow.). 

Astarte  sp.  Peotanculiu  sp. 

Crauatella  Conmeliana  (D'Orb.).  Tellina  sp. 

Corbnla  sp.  Trigonia  sp. 

Cneiillca  glabra  (Park.).  Avellana  inflata  P  (D'Orb.). 

CiTiherea  sp.  (Tery  abundant.).  Dentalium  sp. 

No.  2.  consists  of  dark  green  sands,  passing  up  into  yellowish- 
K^ een  sands.   In  the  lower  part  of  this  bed,  near  Folkestone  Harbour, 
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a  few  fossils  haye  been  observed,  among  which  the  following  may 
•be  noted  : — 

Coral.  Lima  Ooitaldina  (lyOrb.) 

Hemiaster  sp.  .  Oatrea  f rons  (Park.) 

No.  3. — Black  clayey  sand — in  parts  very  mnch  resembling  Ganlt. 

No.  4. — The  top  bed  of  the  series  consists  of  yellowish-green 
sands,  which  are  gradually  succeeded  by  brownish  clayey  sands. 

The  Folkestone  Beds  of  the  Upper  Neocomian  form  the  high 
ground  from  above  Hythe  to  Folkestone,  where,  gradually  dipping 
N.N.E.,  they  are  lost  beneath  tide  mark  at  Copt  Point.  From 
Sandgate  to  Copt  Point  they  form  an"^  imposing  cliff,  often  reach- 
ing an  elevation  of  from  100  to  180ft.,  resting  upon  the  Sandgate 
Beds.  In  the  upper  portion,  The  Third  Division,  false  beddings 
may  be  seen  in  many  places.  At  Baker's  Qap,  which  is  situated 
about  half  way  between  Folkestone  Harbour  and  Copt  Point,  an 
interesting  example  of  a  flight  anticlinal  is  seen,  eastward  of 
which  the  beds  dip  away  at  a  greater  angle.  I  have  divided  these 
beds  into  four  lithological  divisions,  of  which — 

The  First  Division  consists  of  a  brown  ferruginous  sandstone  of 
about  one  foot  in  thickness,  holding  a  large  quantity  of  phosphatic 
nodules,  many  of  which  have  been  much  rolled,  and  have  oysters 
adhering  to  them.  At  the  extreme  base  of  this  bed  large  arenaceous 
nodules  of  brown  sandstone  occur,  filled  with  casts  of  fossils,  among 
which  1  have  noted  the  following  :-^ 

Coral.  Liicina  sp. 

Serpnla  articiUata  (Sow.).  Trifironia  sp. 

Corbala  sp.  Avellana  Bp. 

OucuIIeBa  sp.  Janira  MorrisU. 

Lima  sp.  Ammonites,  2  spe. 

This  bed  forms  an  excellent  division  between  the  Qimdgate  Beds 
and  Folkestone  Beds. 

The  Second  Division  is  composed  of  a  dark  greenish  clayey 
sandstone,  reminding  one  very  much  of  the  '^  Hassocky*^  beds  in 
the  Hythe  section  of  the  series.  It  is  about  2ft.  in  thickness, 
and  is  fossiliferous,  the  following  having  been  found : — 

Serpnla  articulata  (Sow).  Ostrea  frons  (Park). 
Bhynchonella  sp.  ,«      sp. 

Waldeimia  pBeudojorensis.  Pecten  orbicularis  (Sow). 

Avicula  pectinata  (Sow).  Janira  Morrisii. 

The  Third  Division  consists  of  about  60ft.  of  seams  of  coarse 
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<^c&reoQS  sandstone,  yarying  in  thickness  from  2ft.  to  a  few  inches, 
*^J  of  which  are  interstratified  with  layers  of  loose  yellowish  sand. 
At  Is  from  this  bed  that  the  stone  is  extracted  for  building 
"whiola  is  generally  known  as  Folkestone-stone.  Large  white 
^^t^iAlar  masses  of  branching  sponge  are  met  with  upon  these  rocks, 
Al>r>iit  20ft.  ap  in  this  bed  the  sand  partakes  of  a  black  clayey 
character,  but  ^this  is  not  constant  along  the  whole  horizon,  but 
^X5oni-s  only  in  patches  here  and  there.  It  is  apparently  fossili- 
^^■■^^iB,  as  I  met  with  Pecten  orbicularis  and  a  species  of  Astarte 
^  it.  Within  10ft.  of  the  top  of  this  bed  a  seam  of  chert  occurs. 
t^he  top  seam  of  rock  I  observed,  remarkably  large  quantities  of 
^n^^aster,  partly  covered  over  with  a  mass  of  the  branching 
^J^^^ige  before  cited.  Specimens  of  the  latter  my  friend  Mr. 
es-Browne  obtained  with  a  view  of  submitting  them  for  examina- 
^>  to  Mr.  W.  J.  Sollas,  of  St.  John's  College,  Cambridge,  who, 
well  known,  has  made  a  study  of  the  sponges  from  the 
«r  Qreensand  of  Cambridge,  and  I  trust  that  within  a  short 
the  result  of  his  investigation  may  be  made  known.  In  this 
"the  following  fossils  have  been  met  with  : — 

^olyioA.  GkrrillU  anoeps  (Desfa.)* 

%[eauAster  ip.  Janira  atava  (D'orb.). 

Spines  ci  MicraBter.  Pecten  orbicularis  (Sow.). 

Cjkmiasier  sp.  Pema  sp. 

^Wododiadema.  Avellana  sp. 

^lerpola  plezns  (Sow.).  Waldheimia  pseado-Joreniis. 

-Aricala  pectinata  (Sow.).  Ammonites  sp. 
S!xog7Ta  Binaata  (Sow.). 

I^he  Fourth  Division  is  the  next  and  last  bed  I  have  to  describe : 

^^  ^^onsists  of  an  irregular  seam  of  large  rolled  nodular  masses  of 

^^^^,  composed  of  coarse  grains  of  quartz,  glauconite,  jasper,  lydian 

^^Oe  and   phosphatic  nodules.      A  considerable   assemblage   of 

'^^^ils  are  obtained  from  this  bed,  which  is  termed  the  Zone  of 

^^"^^"rnonites  mammillaris.     Its  fossil  contents  are  all  more  or  less  in 

^^    condition  of  rolled  phosphatic  casts,  a  list  of  which  I  give 

D^low.    The  seam  is  succeeded  by  about  4ft.  of  loose  yellowish 

**^^<38,  which  seldom  yield  any  organic  remains ;  this  bed  is  capped 

^T  tie  line  of  nodules  of  sulphuret  of  iron  which  form  the  base  of 

*"^    Gault.      I  roughly  estimate  the  thickness  of  the  whole  for- 

^^tion  at  about  70ft.     The  following  is  a  list  of  fossils  from  this 

^Wision  :~ 
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Conl. 
Holuterip. 
GoniMter  sp. 
Psendodiadema  ap. 
Terebratnla  mootonuuia. 
Ezogyra  oonica  (Sow.). 
„     siniiato  (Sow.). 
InooeramnB  oonoentriciis  (Park.). 

»,         Salomoni  (D'Orb.). 
Pecten  orbicnlaris  (Sow.). 
Janira  atara  (D'Orb.). 

„     MorriBiL 
Area  carinata  (Sow.). 
Afltartesp. 
Oacul^flBa  Bp. 

Lima  Ckittaldina  (D'Orb.). 
Lucina  sp. 
Cjrprinasp. 


Mjacites  plioaia  (Sow.). 
Niioala  peetmata  (Sow.). 
Thetis  IflBTigaUF  (Sow.). 
Trigonia  Fittoni  (Desb.). 
Pieroowas  bioarinatam  (D'Orb.). 
Boeiellaria  sp. 
Cerithinm  sp. 
AveUana  ap.  F  (inflafai  F) 
Palndina  sp. 
Natioa  Gkultina  (D*Orb.). 

„      Oementina  (D'Orb.). 
Ammonites  Bendantii  (Brong.). 

mammillaris  (Sebloib.). 

sp. 

Hamites  rotnodiis 
Turrilites  sp. 


*> 
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Thb  Oault. 

The  Junction  bed,  Bed  I,  or  bottom  bed  of  the  Qanlt,  first  comes 
on,  according  to  Mr.  De  Eance,  in  his  paper  on  the  Ganlt  of 
Folkestone,  at  a  point  immediately  over  the  turnpike  on  the  Lower 
Sandgate  Road,  but  I  have  failed  to  meet  with  it  so  far  west  on 
the  coast  section,  but  have  examined  this  bed  a  little  farther 
inland  at  Gheriton,  where  some  phosphatic  diggings  baye  been 
established.  This  junction  bed  may  be  traced  along  the  East  Cliff 
until  it  also  disappears  below  the  beach,  dipping  N.N.E.,  a  little 
eastward  of  Copt  Point. 

The  Gault  must  haye  been  deposited  in  a  subsiding  area,  and 
the  sea  of  the  time  haye  been  highly  charged  with  sediment, 
caused  by  the  denudation  of  the  land,  and  by  the  action  of  the  sea 
against  the  coast  Une.  As  all  the  fossils  are  so  well  preseryed, 
they  have  doubtless  been  speedily  covered  by  the  sediment  as  it 
accumulated  upon  the  floor  of  the  Gault  sea.  When  I  saj 
speedily,  I  would  presume  that  the  floor  was  composed  of  soft 
mud,  and  that  as  the  animals  fell  upon  it,  they  were  not  suffered 
to  roll  about  and  become  comminuted,  but  were  gradually  coyered 
up  by  the  sediment.  Had  it  been  otherwise,  the  fossils  would  not 
be  so  well  preserved,  but  would  appear  as  rolled  casts  similar  to 
those  in  the  nodule  beds. 

I  would  suggest  that  these  lines  of  nodules,  mixed  up  as  thej 
are  with  rolled  fossils,  occurring  so  plentifully  through  the 
deposit,  mark  the  floor  of  the  sea  during  a  period  more  or  less 
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▼'^SK't^,  vhen  great  physical  changes  may  have  turned  the  direction 
o^  "^Ke  corrents  and  so  borne  away  the  sediment,  which  would 
ot;!lm  ^  rwise  hare  been  deposited,  in  another  direction.  In  this  way, 
"^^^^^  lines  of  nodules,  which  are  rarely  more  than  one  inch  in 
:nes8,  may  represent  a  period  of  time  far  greater  than  was  re- 
'«d  for  the  deposition  of  seyeral  feet  of  the  clay.  Thus,  Bed 
with  its  several  lines  of  nodules,  would  represent  an 
^^^ox-mously  vast  period,  a  period  sufficiently  long,  as  has  been 
rn,  for  over  100  species  of  MoUusca,  forms  plentiful  in 
XiOwer  Grault,  to  become  extinct. 
le  Ganlt  is  composed  of  stiff  clays  and  marls,  more  or  less  of 
^Xiiish  grey  colour,  which  are  nowhere  seen  to  such  perfection 
.t  Copt  Point,  and  in  East  Weir  Bay,  about  one  mile  east- 
from  Folkestone  Harbour.  It  there  has  a  thickness  of  about 
^00£t. ;  and  from  it  a  large  number  of  fossils  haye  been  obtained 
*x^   SL,  very  fine  state  of  preservation. 

"XThe  Oault  is  divided  into  two  divisions,  the  Upper  and  Lower, 

Be{>^krated  by  a  passage  bed,  and  these  are  again  sub-divided  (as 

^^soribed  in  my  paper  "  On  the  Qault  of  Folkestone,"  read  before 

'^^  deological  Society,  on  the  29th  April  last)  into  11  well-marked 

^on^g^  to  which  numbers  have  been  attached  for  convenience,  and 

pix>vi8ional  names  assigned  indicative  of  either  the  colour  or  fossil 

^^^'^t^ents  of  the  several  bands. 

^^efore  proceeding  to  describe  the  various  beds,  it  may  not  be 

^^t^  of  place  in  me  to  urge  upon  all  geologists  the  necessity  of 

^U^cting  fossils  systematically,  that  is  to  say,  of  carefully  noting 

M^^    horizons  in  which  they  occur,  and  to  avoid  collecting  them 

^^iscriminately,  without  any  knowledge  of  their  locality  or  posi- 

"^^^  in  the  particular  deposit  from  whence  they  may  be  derived  ; 

^    l>y  so  doing,  says  my  friend  Mr.  Bedwell,  in  his  valuable  paper 

^^n  Ammonite  zones  in  the  Upper  Chalk  of  Margate"   read 

"^^^Vire  this  Association  last  year,   we  destroy  land-marks  which 

°^^ht  prove  invaluable  to  others.     Much  more  than  as  yet  been 

•^^^^^mplished  might  be  done  for  Geology  and  Palaeontology,  were 

*^*is  course  generally  adopted.  Many  species,  more  especially  species 

^^    AmmoniteSf  are  peculiar  to  certain  zones,  constituting  horizons ; 

^^,  I  may  say  without  hesitation,  has  been  fully  proved.    Thus  by 

^^e  knowledge  of  these  zones,  the  geologist  and  palaeontologist  may 

^Certain  and  reckon  the  precise  position  of  any  fossil  found. 

The  meaaurements  given  by  the  various  beds  set  forth  sub- 
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sequentlj  in  this  paper,  were  taken  at  Copt  Point,  and  thi 
''  Pelter."  I  wish  it  to  be  understood  that  the  dirisions  indicated 
in  this  paper  are  simply  those  of  the  Gault  of  Folkestone,  thei 
not  haying  jet  been  proTed  to  hold  good  oyer  wide  areas.  I 
would  be  exceedingly  difficult  for  anyone  who  had  not  thorooghl; 
investigated  the  Gault  in  situ^  to  be  able  to  make  out  the  differen 
beds,  as  they  lie  on  the  shore  in  East  Weir  Bay.  In  consequeno 
of  the  water  percolating  through  the  Chalk  aboye  meeting  wit] 
the  imperyious  floor  of  the  Gault,  a  slide,  as  it  were,  is  formed 
and  the  Chalk  slips  over  the  clayey  beds  into  the  sea.  Thus,  th 
Gault  has  been  pressed  out  and  faulted  in  great  confusion,  man; 
of  the  beds  being  completely  mixed  together. 

I  took  my  measurements  at  Copt  Point,  commencing  with  th 
base  of  the  Gault,  or  Junction-bed,  Bed  I.,  which  rests  upon  th 
Folkestone  Beds  of  the  Upper  Neconiian,  I  shall  therefore  com 
mence  with  that  bed  in  giving  my  description  of  the  Gault. 

The  lowest  deposit  is  a  line  of  nodules  of  iron  pyrites,  succeede< 
by  a  band  of  dark  greensaiid,  containing  two  lines  of  phosphati 
nodules,  in  which  Ammonites  interruptus  occurs  frequently,  fron 
which  circumstance  I  propose  to  call  this  the  Zone  of  AmnumiU 
interruptus.  Many  other  fossils,  mostly  in  the  form  of  roUei 
casts,  occur  in  this  bed ;  many  of  which  are  covered  with  smal 
crystals  of  selenite,  which  is  never  noticed  on  fossils  from  any  <3 
the  other  beds.  Upon  many  of  the  broken  pieces  of  AmmaniU 
interruptus  the  following  forms  have  been  met  with  in  good  pre 
servation,  indicating  that  they  were  contemporaneous  with  th 
formation  of  the  deposit : — 

Flicatula  peoiinoides  Peoten  qaiDqaeoostatiu 

Trocbosmilia  suloata  Kuoola  sp. 

The  thickness  of  Bed  I.,  from  the  top  of  the  Upper  Neoeo 
mian,  to  the  line  of  nodules  and  crushed  band  of  fossils,  is  lOf) 
lin. 

The  next  bed  in  ascending  order  is  Bed  II.,  which  may,  if  wi 
reckon  the  last  as  the  Junction-bed,  be  considered  the  bottom  o 
the  Gault ;  it  commences  from  the  band  of  crushed  fossils  mixei 
with  phosphatic  nodules,  and  ends  at  a  line  where  the  cla; 
becomes  of  a  light  fawn  color,  the  thickness  of  which  is  4ft.  2ii] 
The  clay  of  this  bed  is  of  a  very  dark  colour,  almost  black,  ani 
is  remarkable  for  the  deep  lustrous  colour  of  its  fossil  contentfi 
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_  ^m  the  large  quantities  of  iron  pyrites  contained  in  the 
^^d.  Three  inches  upwards  from  the  base,  there  occars  a  band  of 
^^lenite,  which  is  pecoliar  to  this  horizon.  One  foot  higher  a  line 
^  nodules  is  met  with  ;  between  these  two  bands  Aporrhaia  cal- 
^araia  is  found,  and  nowhere  else.  The  lower  part  of  this  bed  is 
^e  position  of  Nucula  De  Eancei,  likewise  peculiar  to  that 
orizon,  seldom  found  in  proximity  with  Aporrhaia  calcarata. 
ine  species  appear  to  be  peculiar  to  this  bed,  one  of  which  is  a 
arietj  of  Ammonites  aurittts  possessed  of  long  tubercles,  in  conse- 
oence  of  which  I  term  this  the  Zone  of  Ammonites  auritus  var. 
Bed  III,  the  "  Light-bed,"  so  called  from  the  light  colour  of 
its  clay— or  ^<  Crab-bed,"  from  the  quantity  of  crustaceans 
found  in  it — exhibits  a  striking  contrast  to  the  dark  colour  of 
the  preceding.  It  is  measured  up  to  a  line  of  nodules  and  rolled 
fossils,  upon  many  of  which  the  shell  is  preserved  and  carapaces 
of  crabs,  Palcsocorystes  Stokesii^  and  P,  Broderipii,  In  thickness  it 
does  not  exceed  4ft.  6in.  It  may  be  well  to  mention  that  tabular 
masses  of  clay  ironstone  are  found  in  this  bed  at  irregular  interrals, 
apiece  of  which  I  submitted  to  my  friend  Mr.  W.  H.  Huddlestoui 
oar  Honorary  Secretary  who  kindly  analysed  it  for  me,  and  found 
that  it  contained  as  much  as  30  to  40  per  cent,  of  metallic  iron. 

Bed  IV.,  is  a  very  narrow  band,  being  only  4in.  in  thickness ;  it 
is  measured  from  the  line  of  nodules  before  named,  up  to  a  line  of 
phosphatic  nodules  and  rolled  casts  of  fossils.  In  these  nodules  a 
diminative  species  of  Hoploparia  is  found,  which  is  never  met  with 
elsewhere.  In  colour  the  clay  is  somewhat  darker  than  that  of  the 
preceding  bed,  and  not  mottled  as  is  that  of  Bed  V.  Four  species 
appear  to  be  peculiar  to  the  zone,  these  are :  Natica  oblique^ 
(described  by  me  in  my  paper  '^  On  the  Gault  of  Folkestone,*'  read 
before  the  Geological  Society);  Fusus  GaultinuSy  an  ammonite 
irith  yery  long  spines,  which  may  be  considered  a  variety  of 
Ammonites  tnberculatus,  and  Ammonites  De  La  Bueiy  a  form  belong- 
ing to  the  Cristati  group.  I  may  here  remark  that  from  my 
experience  I  have  noticed  that  the  lower  division  is  characterized 
by  the  presence  of  the  Dentati  and  Tuherculati  group  of  Am- 
monites,  which  are  deeply  grooved,  whereas  the  upper  division  is 
remarkable  for  the  presence  of  the  Cristati  group  of  Ammonites^ 
thus,  the  meeting  with  Am,  De  La  Rttei  in  this  bed,  and  Am. 
Roissyanus  in  Bed  No.  1,  both  belonging  to  the  Cristati  group, 
form  the  exceptions  to  the  rule,  the  only  exception  in  the  Upper 
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Oanlt  being  a  varietj  of  Ammanitea  lauius.    This  bed  may  be 
called  the  '^  Zone  of  Ammonites  De  La  BueiJ* 

Bed  V. — This  is  called  the  "  Coral  bed, "  from  the  qaantity  of 
those  beautiful  little  fossils  it  contains.  The  clay  is  of  a  dark 
colour,  spotted  to  within  a  few  inches  of  the  top  with  light  fawn- 
coloured  markings.  The  bed  is  only  1ft.  Gin.  in  thickness,  being 
measured  from  the  line  of  nodules  containing  rolled  casts  of  fossils, 
up  to  a  line  where  the  clay  becomes  more  strongly  marked.  Eight 
species  are  peculiar  to  this  horizon,  which  I  have  named  the 
'*  Zone  of  Ammonites  lautus" 

Bed  VI.,  called  the  "  Mottle-bed,"  from  the  lightish-coloored 
markings  which  throughout  pervade  the  clays  of  this  bed,  is  of 
small  vertical  thickness,  probably  not  more  than  one  foot.  It  is 
measured  from  the  top  of  the  preceding  zone  to  a  hard  seaiik 
The  clay  is  darker  in  colour  than  that  of  Bed  Y.  It  may  be  con- 
sidered the  **  Zone  of  the  Ammonites  denarius.'*  There  are  six 
species  that  I  have  met  with  peculiar  to  it,  which  are  : — 

HomolopsiB  Edwardsii  (Bell)  Turrilitet  HngardianiiB  (D*Orb.)  mod  a 

Necrocaroiniu  Bechei  (Desloog.)  small  varietj  of 

FoBus  elegans  (D'Orb.)  Ammooites  oornaioB  (Pietei) 
ScolariA  gastyna  (D*Orb.) 

Bed  Vll.  usually  styled  the  "  Dark-bed,"  is  the  top  of  the 
Lower  Gault,  and  is  measured  from  the  hard  seam  forming  the 
limit  of  Bed  VI.,  up  to  the  first  line  of  nodules  in  Bed  VIIL  It 
has  a  thickness  of  6ft.  2 in.,  and  the  clays  are  of  a  very  dark 
colour,  though  not  so  dark  as  those  of  Bed  II.  It  is  highly 
fossiliferous,  as  many  as  64  species  have  been  obtained  from 
it.  The  class  Gasteropoda  appears  to  have  reached  its  maximnm 
of  development  in  this  zone.  There  are  several  species  peculiar 
to  it.  Ammonites  auritus  occurs  in  large  quantities,  from  which  cir- 
cumstance I  propose  to  call  it  the  "  Zone  of  Ammonites  auritus.** 
Buccinum  Gaultinum  first  appears  in  the  middle  of  this  bed, 
and  is  continued  into  the  Nodule-bed  as  above.  The  following  are 
only  found  in  this  bed : — 

Nacala  albensU  (D'Orb.)  Fobiu  indecifliu  (D'Orb.) 

Aporrhais  Parkinsoni  (Sow.)  Ceritbium  teotnm  (D'Orb.) 

Bed  VIII.,  usually  called  the  **  Nodule  bed"  from  the  large 
number  of  phosphatic  nodules  it  contains,  is  measured  from  the 
first  line  of  nodules  forming  the  top  of  Bed  VII.  to  a  second  line  of 
nodules,  and  has  a  thickness  of  lOin.     This  bed  is  a  true  junction 
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or    passage  bed,  dividing  the  Upper  from  the  Lower  Oanlt.     It 
liolds  many  species  belonging  to  both  divisions,  and  marks  the 
to'fcAl  extinction  of  many  of  the    Lower    Ganlt   forms,  no  less 
ihaxi  the  introduction  of  others  which  took  their  place.     In  my 
not^e  on  the  last  bed,  Bed  YIL,  I  mentioned  the  fact  of  its  being 
peculiarly  froitfnl  in  Gasteropoda.     Now  it  may  be  worth  recording 
tliAt  few  species  of  this  Glass  pass  into  Bed  YIII.  at  all,  those 
wliich  do  being  generally  in  the  form  of  rolled  casts  much  en- 
onisted  with  phosphate.      Out  of  47  species  obtained  from  the 
Lo'wer  division  only   10  of  them  pass  into  this  passage-bed  ;  it 
likewise  contains  three  species  peculiar  to  it.  In  the  Upper  Gault  11 
species  of  Gkisteropoda  have  been  met  with,  six  of  which  are  con- 
tioued  from  the  Lower  division,  the  remaining  five  being  peculiar 
*^  "the  Upper.     This  appears  to  point  to  the  fact  that  the  con- 
ditions which  obtained  during  the  deposition  of  the  Upper  Gaiilt 
"^^re  unfavourable  to  tlie  continuance  of  the  more  delicate  forms 
^^    lir<e,  or,  if  on  the  other  hand  they  were  continued,  that  the 
ctieixkical  constituents  of  the  sediments  deposited  during  the  process 
^^  "tile  formation  of  these  marls  were  unfavourable  to  the  preserva- 
*^oii  of  specimens. 

I^^ring  the  period  I  have  paid  attention  to  this  formation,  I 

**  ^'V'o  collected  as  many  as  247  speciesof  all  Classes  from  the  Gault 

^*   Folkestone,  that  I  have  been  able  to  assign  to  particular  genera ; 

"^^  'there  are  fully  25  other  forms  that  have  been  met  with,  which 

^P    "to  the  present  time  I  have  been  unable  to  determine.     Out  of 

'^^     aibove  number  124  forms   become    extinct  in   Bed   VIII. ; 

*^^  46  forms  are  continued  into  the  Upper  Gault.     In  addition  to 

^^B  l)ed  containing  the  limit  fauna,  it  possesses  20  species  peculiar 

^  it^self.     As  many  as  67  new  forms,  none  of  which  have  been 

^*^^«rved  in  the  Lower  Gault,  make  their  first  appearance  in  Bed 

^IX,   or  in  a  higher  zone,   thus   constituting  the  number  of 

^^  launa  hitherto  observed  as  being  peculiar  to  the  Upper  beds. 

'^^^^xnonites  belonging  to    the  various  groups   are  of   frequent 

^^^^^rrence  in  this  bed ;    the  most  characteristic  species  is  Ammo- 

^^^•m  cristaius,  from  which  circumstance  I  propose  to  name  this 

"^  the  "  Zone  of  Ammonites  criatatuay 

-Ajnong  the  Ammonites  peculiar  to  this  zone  the  following  may 
"^  ^Ktientioned  as  occurring : — 

^'^^llioiiiies  Bendantii  (Brong.)  Ammonites  SelligiiiDas  (Brong.) 

„  BrongiuarliaiiiiB  (Piotei.)  „  BpIendensP  a  grooved  variety 

n         Iteriamis  (D^Orb.)  „  taberoalatiu,  a  variety. 
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CucullcBa  glabra  (Park.),  Cyprina  quadrata  (D'Orb.),  and 
Scalaria  Gaultina  (D*Orb.),  are  especially  characteristic  of  the  bed. 
Bed  IX.  forms  the  base  of  the  Upper  Gault  ;  the  geologist  will 
at  all  times  be  able  to  indicate  his  position  by  the  large  quantities 
of  crushed  forms  of  Inoceratnua  aulcatus  contained  in  this  bed.  It 
is  true  that  this  well-marked  form  occurs  in  the  Zone  of  Atnmo^ 
nites  cristatuSy  but  in  no  great  numbers.  It  is  mentioned  by  Mr. 
De  Ranee,  in  his  valuable  paper  "  On  the  Albian,  or  Gault  of 
Folkestone/'  that  this  shell  first  occurs  in  the  Lower  Neocomian 
clay  of  Hythe ;  is  not  again  found  in  the  Aptian  series,  but  re- 
appears in  the  Zone  of  Ammonites  interruptiis ;  a  single  specimen 
,  only,  however,  has  been  found  by  Mr.  Etheridge.  Had  that  specimen 
been  recorded  as  being  met  with  in  that  zone  by  anyone  else  than 
our  distinguished  Vice-President,  I  should  have  doubted  the  cir- 
cumstance, as  I  have  repeatedly  found  this  fossil  at  Copt  Point, 
mingled  with  the  fragments  of  Ammonites  intet-ruptuSj  but  hare 
always  considered  it  to  have  been  knocked  out  of  the  Upper  Gault, 
and  rolled  into  this  place  probably  by  the  action  of  the  wares.  I 
should  much  like  to  prove  the  matter  by  finding  one  myself  in  situ. 
This  bed  is  measured  from  the  line  of  nodules  at  the  top  of  the 
last  described  up  to  a  line  of  nodules,  containing  vBst  quantities  of 
crushed  forms  of  Inoceramus  sulcatus.  The  thickness  of  this  bed 
is  9  feet  4^  inches.  Inoceramus  sulcatus^  first  met  with  in  the 
Zone  of  Ammonites  cristatus,  does  not  pass  out  of  Bed  IX.  The 
Gault  of  this  zone  is  full  of  them  ;  one  can  hardly  dig  up  a  foot  of 
the  marly  clay  without  seeing  the  shining  casts  of  dozens  of  them. 
In  this  same  bed  is  found  an  intermediate  form  between  this  and 
Inoceramus  concentricus.  This  fossil  was  named  Inoceramus  sub^ 
sulcatus  by  the  Rev.  T.  Wiltshire.  GriflBths,  the  well-known 
collector  of  Gault  fossils  at  Folkestone,  styles  this  zone  the  ''  half 
and  half  bed,"  in  consequence  of  the  frequency  of  occurrence  of 
this  hybrid  form  Almost  as  numerous  as  Inoceramus  sulcatus  is 
the  Ammonites  varicosus,  which  first  appears  in  Bed  VIII.,  and  is 
sometimes  met  with  in  Bed  X. ;  but  it  attains  its  maximum  of  de- 
velopment in  the  bed  now  under  consideration,  in  consequence  of 
which  I  have  called  this  the  "  Zone  of  Ammonites  varicosusj* 
A  variety  of  the  well  known  Ammonites  lautus  occurs  in  this 
zone,  forming  another  exception  to  the  rule  of  the  Upper  Gault 
being  restricted  to  the  Cristati  group.  It  ranges  from  the  Nodule- 
bed,  Bed  VIII.,  up  to  a  hard  seam  near  the  top  of  the  Zone  of 
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Ammonite*  varicofui,  above  which  it  has  never  been  observed.  This 
ii  the  only  exception  known  to  me  of  an  Ammonite  of  the  Dentati 
group  being  met  with  in  the  Upper  Gaolt.  Below  this  hard  seam, 
Ammonites  roetratue  (Sow.),  the  Ammonites  inflaius  of  D'Orbigny, 
makes  its  iBrst  i^pearance,  and  extends  np  to  the  base  of  the 
Upper  Greensand.  From  this  bed  specimens  of  Pinites  hexor 
goims  (Garrathers)  have  been  obtained. 

In  the  discussion  which  followed  my  paper  read  before  the  Geo- 
logical Society,  Mr.  Garrathers  referred  to  the  discovery  by  Mr. 
Churdner  and  myself  of  cones  of  two  species  of  Sequoia,  ''and, 
Associated  with  these,  some  species  of  PinuSy  two  of  which  were 
'^o  be  referred  to  a  group  of  that  genus  at  present  found  associated 
'^ritli  two  existing  species  of  Sequoia  on  the  mountains  of  western 
^orth  America.     These  sequoi®  from  the  Gault  are  the  oldest 
Icnown  representatives  of  the  genus;  and  it  is  remarkable  that 
^bey  should  be  thus  early  associated  with  species  of  the  same 
^proup  of  pines  which  is  now  represented  only  in  the  same  country 
^here  the  sequoiie  also  grow."     It  may  be  worth  remarking  that 
J^holadomya  fabrina  (D'Orb.)  is  only  met  with  in  situ  in  this  bed; 
it,  however,  appears  in  Bed  YIII.  in  the  form  of  rolled  casts. 

Bed  X.  commences  at  the  crushed  band  of  Inoceramus  sulcatus 
and  extends  to  a  line  of  phosphatic  nodules,  containing  specimens 
of  Pecten  Baultnianus  (D* Orb, ),  which  line  occurs  at  5  feet  1  inch 
above  the  limit  of  the  last  zone. 

The  Gault  of  this  bed  partakes  more  of  the  character  of  marl 
than  of  the  preceding  beds ;  it  is  hard,  and  of  a  cold,  pale  grey 
colour,  and  poor  in  organic  remains,  which  fact  may  possibly  be  due 
to  the  large  percentage  of  carbonate  of  lime  the  Upper  Gault  has 
been  proved  to  contain  ;  to  which  cause  we  may  certainly  ascribe 
the  disappearance  of  the  lustrous  shells  from  the  fossils.  A  line 
of  phosphatic  nodules  occurs  at  2  feet  8  inches  above  Bed  IX., 
containing  large  quantities  of  Plicatula  pectinoideSy  which  are  there 
met  with  in  fair  condition.  Between  these  two  lines  of  phosphatic 
nodules,  giving  a  space  of  2  feet  5  inches,  the  Gault  is  mottled, 
and  masses  of  Pentacrinus  FiUoni  occur.  This  is  remarkable, 
as  in  all  other  parts  of  the  deposit  it  is  only  met  with  in  pieces. 
Cidaris  Gaultina  is  likewise  peculiar  to  this  circumscribed  position. 
These  lines  of  nodules  produce  many  fragments  of  chelonian  and 
fish  bones,  likewise  teeth  of  Hyhodus  and  Otodus  appendiculatus. 
The  most  remarkable  forms   ever   obtained    from   this  bed  are 
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some  circular  and  more  or  less  compressed  bodies,  possessing  tlie 
texture  of  egg  shells.  To  the  best  of  my  belief  only  three  of  these 
fossils  have  ever  been  discovered,  two  of  which  are  in  the  cabinet 
of  Mr.  J.  S.  Gardner,  F.G.8.,  and  one  in  my  own  collection.  Thig 
latter  I  showed  to  Mr.  J.  W.  Hulke,  F.Q.8.,  who  considered  it  as 
probably  quite  new,  and  that  in  the  coarse  pitting  of  the  shell  it 
resembled  that  of  Crocodihis  biparcatus  (?).  The  most  charac- 
teristic fossil  in  this  bed  is  Kingcsna  lima  (Defrance).  From 
the  frequency  of  its  recurrence,  my  friend  Mr.  De  Ranee  named 
this  zone  after  it,  in  his  paper  '^  On  the  Albian,  or  Ganlt  of 
Folkestone,"  and  I  readily  adopt  the  same  conclusion  arrived  at 
by  him,  and  propose  that  this  bed  should  be  styled  the  Zone  of 
Kingena  lima.    The  following  fossils  are  peculiar  to  this  zone  :— 

€k)iiiB8ter  sp.  Astorte  sp. 

Kingena  lima  (Defranoe)  Aporrbais  maxima  (Pfeioe) 

Hinnitei  sp.  Grooodiloa  biporeaini  (?) 

Bed  XL -—This  bed,  equal  to  more  than  half  of  the  whole 
formation  in  thickness,  consists  of  a  cold,  pale  grey  marl,  trar 
versed  by  a  series  of  dark  partings,  the  smooth  portions  between 
which  are  smeared  over  with  a  coating  of  oxide  of  iron.  My 
friend  Mr.  W.  H.  Hudleston,  F.G.S.,  was  kind  enough  to 
analyse  a  piece  of  gault  from  this  bed,  and  found  that  it  was  a 
marl,  with  particles  in  a  minute  state  of  subdivision,  the  balk  of 
the  mass  being  a  mixture  of  chalk  and  clay,  containing  a  few  ex- 
tremely small  quartz  grains,  and  after  treatment  with  acid  one  or 
two  translucent  greenish  grains  were  observed ;  also  fragments  of 
pyrites  and  small  crystals.  This  sample,  which  was  dried  at  100  c, 
was  found  to  contain  26*45  of  carbonate  of  lime,  being  nearly  18 
per  cent,  more  than  is  contained  in  Bed  II.  This  bed  yields  2.55 
per  cent,  of  metallic  iron.  In  the  upper  portion  of  the  bed,  at  a 
distance  of  35  feet  6  inches  &om  the  base  of  it,  a  seam  of  dark 
green  sand  obtains,  having  a  thickness  of  3  feet  3  inches.  This 
is  called  by  Griffiths  the  ''  Middle  Greensand.**  The  marly 
clay  above  this  green  sand  is  for  the  first  few  feet  much  inter- 
mixed with  green  grains,  after  which  it  assumes  the  same  homo- 
geneous marly  character  as  the  lower  portion  of  the  bed.  There 
is  17  feet  6  inches  of  Gault  above  the  green  sand  seam.  Imme- 
diately below  this   seam  a  small  form  of  PtychoceroB  occursy 
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^iJways  in  iron  pjrites,  which  is  not  met  with  in  any  other  part  of 
'fc'lie  deposit.     I  hare  also  found  the  Hylospongia  of  Sollas  there. 

Sereral  lines  of  nodnles  occur  in  the  band  of  green  sand,  chiefly 
^somposed  of  pTriform  sponges.      The  following  Fossils  are  like- 
met  with : — 

Aporrhais  Orbignyana  (Pictel  et  Boux) 
Solariam  ornatam  (Sow.) 
Ammonitea  GhxMlhallii  (Sow.) 
Belemnitei  ultimas  (D'Orb.) 
DrepanephorvB  canalionlatiu  (Eg.) 
Icthjroiaiinii  campjrlodon  (Carter) 


^-■■^Todio^jBihiii  eoDvliiB  (Edw.  A  H.) 
^oUieip«ap. 

iTioala  giypbflBoides  (Sow.) 
orbioalariB  (Sow.) 
ktula  peetiiioides  (Sow.) 
ngillnm  (Sow^) 


Immediately  above  this  seam  Ammonites  varianSj  a  form  so  charac- 

istic  of  the  Chalk  Marl,  is  first  met  with.  Inoceramus  Crispii,  and 

mmonites  rostratus,  attain  very  large  dimensions  in  this  bed,  the 

atter  being  frequently  met  with  measuring  over  12  inches  in  dia- 

eter.  This  zone  may  be  termed  the  '*  Zone  of  Ammonites  rostratus. 

Before  concluding  this  paper,  it  may  be  of  value  to  name  the 

bllowing  forms  as  being  characteristic  of  the  whole  formation,  they 

iving  continued  in  every  zone  throughout  the  period  occupied  by 

le  deposition  of  these  clays  : — 


Aporrbais  Orbignyana  (Piotet  etBonz). 
Natioa  Gkraltina  (D'Orb.) 
DentaUum  deonasatiim  (Sow.) 
Naatilns  clementinaa  (D'Orb.) 


^nieatiila  peetinoides  (Sow.) 
^aoeeramna  ooDcenirioiu  (Park.) 
NwnlaoTala  (IfanftaH) 
peetiiiata  (Sow.) 


>f 


The  class  Brachiopoda  has  been  found  to  be  confined  to  Upper 
Gault  entirely,  Terehratula  hiplicata  first  appearing  in  a  rolled  form 
in  the  Zone  of  Ammonites  cristatus^  and  continuing  upwards 
through  the  several  beds ;  it  is,  however,  most  abundant  in  the 
Zones  of  Ammonites  varicosus  and  Kingena  lima. 

It  ever  appears  to  me  to  be  remarkable  that  Rhynchonella  has 
not  been  met  with  in  the  Oault|  and  I  cannot  directly  ascertain 
where  any  specimens  of  that  genus  have  been  met  with  in  the 
Folkestone  Feds  of  the  (Jpper  Neocomian.  Only  one  species  appears 
to  have  been  described  from  the  Red  Chalk  of  Hunstanton,  and 
that  is  the  Rhynchonella  sulcata  (Park.),  which  occurs  in  large 
quantities  in  the  Sandgate  Beds  of  the  Upper  Neocomian,  near 
Folkestone  Harbour,  both  embedded  in  the  sands  and  in  masses 
agglutinated  together  with  iron  pyrites,  this  particular  zone  being 
No.  1.,  before  cited.  Now  no  species  of  this  genus  is  met  with 
in  this  area  from  this  zone  upwards  till  we  reach  the  Chalk  Marl, 
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where  it  again  obiains,  missing  alike  the  Gaalt  and  Upper  Greene 
8and«  It  would  be  interesting  to  ascertain  what  were  the  oondi- 
tions  at  that  period  prevalent  in  these  seas  whioh  eaosed  thia  in- 
teresting genus  to  migrate  to  some  onter  area. 


2.  Ok  a  Collbotion  of  Fossils  from  the  Upper  Grbbhsakd 

OF   MOBDBN,    CaMBRIDOBSHIRB. 

By  EL  Gborob  Fordram,  Esq.,  F.G.S. 

This  collection  is  from  the  so-called  '<  Ooprolite"  or  phosphatic 
nodule  beds  of  the  Upper  Greensand  or  Chloritic  Marl,  at  two 
localities  near  Ashwell  and  Morden,  on  the  borders  of  Hertfordshire 
and  Cambridgeshire,  where  pits  for  the  extraction  of  the  nodoles 
have  been  worked  for  some  years. 

Mr.  Bonney,  in  a  paper  read  before  this  Association  two  years 
ago,*  has  so  clearly  detailed  the  general  configuration  of  the  countryi 
the  position  of  the  bed  and  mode,  of  working  for  the  nodules,  near 
Cambridge,  and  his  description  applies  so  well  to  this  part  of  the 
country,  that  it  is  not  necessary  for  me  to  touch  on  these  points. 

The  bed  is  from  18  inches  to  3^  feet  in  thickness,  and  yariea 
considerably  in  the  proportion  of  nodules.  It  graduates  into  the 
Chalk  Marl  above  ;  the  glauconitic  grains  extending  higher  than 
the  nodules,  and  the  nodules  being  more  abundant  in  the  lower  part 
of  the  bed.  The  origin  and  cause  of  formation  of  phosphatic  deposits 
at  the  period  of  the  Gault  and  Greensands  is  one  which  is  of 
great  interest  to  the  geologist^  and  is  one  of  the  important  geological 
problems  which  have  yet  to  be  solved.  The  great  number  of  localities 
in  Europe  at  which  phosphatic  deposits  of  this  period  have  been 
found  would  incline  one  to  believe  that  the  sea  at  that  time  was 
more  highly  charged,  in  the  European  area  at  least^  with  phos- 
phate of  lime  than  it  is  at  present.  I  am  inclined  to  think  that  the 
more  probable  solution  of  this  question  is  to  account  for  the  excess 
by  the  presence  of  the  remains  of  fish  and  other  animals  in  larger 
quantities  than  now  exist  in  our  seas. 

The  occurrence  of  certain  pebbles  and  boulders  of  foreign  rocks, 
sometimes  rounded  by  attrition,  has  been  ascribed  by  Messrs.  W. 
J.  6ollas  and  A.  J.  Jukes^Brown  in  an  interesting  paper,  (Qoart 
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Joam.  Qeol.  Soc,  Yol.xzix.,  p.  11)  to  the  transporting  power  (tf 
ice ;  and  haying  regard  to  the  discovery  of  large  boulders  in  the 
Chalk,  and  of  a  quartz  pebble  in  the  Oault  at  Folkestone,  this 
appears  to  be  the  most  likely  method  of  accounting  for  their  position 
in  this  bed.  I  have  been  so  fortunate  as  to  have  obtained  two 
boulders  which,  in  masses  of  attached  phosphate  of  lime  and  shells, 
bear  seals  of  their  genuineness  ;  and  also  some  smaller  pebbles, 
which,  although  I  picked  them  myself  from  a  heap  of  the  unwashed 
marl,  may  have  been  derived  from  the  gravel  which  sometimes  be- 
comes mixed  with  it.  I  am  inclined  to  believe,  however,  that  some 
of  them  belong  to  the  Greensand. 

The  position  of  the  Oreensand  in  the  pits  made  to  obtain  the 
nodules,  viz.,  at  the  bottom,  makes  it  almost  impossible  to  collect 
from  the  bed  in  situ,  and  as  the  marl  when  thrown  up  is  generally, 
immediately  removed  to  the  washing  mill,  almost  the  only  way  to 
obtain  fossils  is  to  search  the  heaps  of  washed  nodules ;  this  mode 
of  collecting  is  in  many  respects  unsatisfactory,  as  the  fragile  shells 
^re  broken  and  destroyed  in  the  washing  mill,  and  all  the  sped- 
cxiens  suffer  attrition.  It  must  also  be  borne  in  mind  that  the 
z>roportionate  quantity  of  fossils  must  be  much  greater  when  com- 
gsared  with  the  heaps  of  nodules  (which  themselves  form  perhaps 
■^-20th  or  less  of  the  whole  deposit),  than  when  compared  with 
^lie  entire  mass  of  the  bed  itself.  I  have  had,  however,  on  one 
z^ccasion,  when  some  of  the  marl  was  dug  up  and  left  for  some 
isaonths  exposed  to  the  atmosphere,  an  opportunity  of  obtaming 
B>ome  of  the  more  fragile  specimens,  and  of  getting  more  ao- 
^sorate  ideas  of  the  comparative  rarity  of  the  different  species. 


LIST  OF  FOSSILS  FROM  THE  UPPER  GREENSAND,  MORDEN 

AND  ASEWELL. 

K7aiiii  n—  Pisois— 

lohthyoMims  campylodon—  SanrooephaliiB  lanoif ormis— 

Teeth,  Tertebras,  and  fntgments  Teeth.    Rare, 

of    oilier  bones.    Not  rery  Edapbodon— 

oommon.  Fragments.    Rare. 

BoljpiTchodon—  Qyrodns— 

Teeth.    Rare.  Palatal  teeth.    Very  rare. 

Pletiosannis—  Lamna — 

YertelmB.    Rare.  Teeth.    Common. 
Piiois— 
Otodos  appendicnlatns — 
Teeth.     Common. 
Yertebrs.   Rather  rare. 
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MOLLUSOA— 
Cepbalopoda— 

Ammonitei  rostratns.    Bather 

oommon 
A.  oratns.    Bather  oommon. 
A.  cffilonoiiu.  Bather  oommon. 

A.  pachyB.    Bare, 
HamiteB.    Bare. 
Bacnlites.    Bare. 
Belemnitee  minimne.  Conmion. 

B.  nltimns.  Bather  common. 
Oaiteropoda— 

Pleiuotomaria(P  rodani,  I^Orb.) 
Bather  oommon. 

P.  Brongniartiannm.    Bare. 

P.  eemiconoaya.    Very  rare. 

P.  Gibbiii(P)    Very  rare. 

P.  Bonzu  (P)  lyOrb.    Bare. 

Solarium  omatnm.    Bare. 

Dentalium  ellipticam.    Bather 
oommon. 
Lamellibrancbiata — 

Ostrea  Tesicnlarie,  Lam.   Very 
oommon. 

O.  frons.    Common. 

0.  macroptera.    Very  rare. 

Bbtogyra  sp.    Very  rare. 

Flicatnla  sigillina.     Very  oom- 
mon. 

P.  pectinoides  rar.  inflata,  Sow. 
Common. 

Spondylns  tmncatns.     Bather 

rare. 

Nncola  simplex.    Very  rare. 
Inooeramne.    Bare. 

Badiolitee  Mortoni.    Bare. 


MoLLireoA. 

Lamellibranchiatft— 

ATionla    gzyphaoides. 
common* 


Very 


Peeten  qninqne-ooetaliie.  Very 


MOLLUSOOIDA— 

Brachiopoda — 

Terebratnla   biplioaia.      Very 

common. 
T.  obtnaa.    Bare. 
T.  aemigloboaa  (P)  BaUierrare. 
T.  orata.    Bather  rare. 
Terebratnlinagraoilia.  Common. 
Terebratella  (Etngena)    Uma, 

Bare.     . 
BhynehoneUa  raloaia.     Bare. 
B.  lineolata  yar.  Oarteri.   Veiy 
rare. 
Cbustacva— 
Hoploparia— 

Fragments.    Very  rare. 
Ankslida— 

Serpok.    Bather  oommon. 

EOHINODSBIIATA— 

Spines.    Bather  rare. 

COELBNTBBATA— 

Smilotroohns  elongatu  (Ihmoan). 


Protozoa— 

Ventricnlitee. 

Chenendopora.    Bather  oommon. 

Parkeria.    Very  rare. 
Drift  Wood,  perforated. 


Taking  this  collection  as  affording  a  fair  representation  of 
the  fauna  of  the  Upper  Greensand  in  this  locality,  and  com- 
paring it  ^ith  the  collection  in  the  Woodwardian  Mnsenm  at 
Cambridge,  the  almost  entire  absence  of  Echini  (except  the  8pme8)| 
the  great  rarity  of  Gmstacea,  the  general  absence  of  di-myaiian 
Lamellibranchiata,  Gasteropoda  (except  Fleurotomaria  and  Sola- 
riunty  Dentalium)  y  and  Nautilus y  and  the  commonness  of  Belemnites, 
are  perhaps  worthy  of  note.  The  specimens  are  also  mach  less  per- 
fect than  at  Cambridge,  and  are  generally  very  badly  preserred. 


nh 


EXCURSION  TO  TILBURSTOW  AND  NUTPIELD, 

JuNB  18th,  1874. 

Director:  J.  Logan  Loblet,  Esq.,  F.Q.8. 

No  portion  of  the  route  traversed  by  Members  during  this 
excursion,  including  the  line  of  railway  from  London  to  Cater- 
bam,  was  found  to  be  wanting  in  geological  interest.  After 
crossing  the  Thames  Valley  deposits  of  Post  Pliocene  age  and 
the  Lower  Eocene  of  the  southern  portion  of  the  London 
Tertiary  Basin,  the  railway  enters  a  cutting  exposing,  south  of 
Croydon,  the  Woolwich  and  Reading  Series,  and  the  Thanet 
Bands  reposing  on  the  Chalk,  thus  showing  the  southern  edge  of 
the  London  Basin.  The  Purley  Beds  and  the  Upper  and  Lower 
Kenley  Beds  of  the  Upper  Chalk,  of  Mr.  Caleb  Evans,  are  passed, 
and  the  fine  typical  Chalk  valley  of  Kenley,  with  Riddlesdown 
bounding  one  side,  is  traversed;  the  White  Leaf  Beds,~and  the  Upper 
Marden  Park  Beds  of  the  Lower  Chalk  then  form  the  country 
until  Caterham  is  reached.  Here  the  Members  alighted  on  Lower 
Chalk,  a  good  exposure  of  which  was  seen  close  to  the  railway 
station. 

The  road  through  Godstone  to  Tilburstow  Hill  was  taken,  and 
after  a  pleasant  walk  of  a  mile  from  Caterham  the  *^  ^Firestone  *' 
quarries  of  Gfodstone  were  reached.     These  extensive  workings  in 
the   Upper  Oreensand,  here   represented    by   the  soft  calcareo- 
siliceous  rock  with  green  grains,  for  ages  known  by  the  name  of 
firestone,  were  entered  by  the  Members,  a  few  of  whom  penetrated 
for  some  distance  into  the  galleries  which  are  excavated  for  long 
distances  under  ground.     The  firestone,  though   soft  and  easily 
worked,  stands  extreme  heat,  and  is  therefore  valuable  for  the 
sides  and  bottoms  of  furnaces,  baker's  ovens,  and  the  like.     The 
Upper  Greensand  is  here  of  no  great  thickness,  and  the  Gault 
gives,  at  a  little  distance,  evidence  of  its  presence  by  the  darker 
green   of    the   vegetation    growing    on   its    heavy   clayey    soils. 
The  valley  through  which  the  road  runs  now  widens,  with  Gault 
forming  the  bottom,  and  the  pretty  village  of  Godstone  with  its 
pool,  indicative  of  argillaceous  beds,  is  soon  reached  and  passed 
through,   when   Tilburstow   Hill,   the  southern  boundary  of  the 
Godstone  valley,  appears  immediately  in  front. 

Before  gaining  the  summit  of  the  hill  an  exposition  was  given 
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of  the  pbysiograpliy  of  the  country  seen  to  the  north,  embracing 
the  valley  between  the  North  Downs  and  the  Lower  Greensand 
hills  which  skirt  the  Weald,  and  throngh  which  a  portion  of  the 
head  waters  of  the  Medway  flow  in  a  small  brook  called  the 
Broad  Mead  Water:  Ascending  to  the  snmmit  of  Tilbnrstow  the 
Members  stood  on  one  of  the  most  commanding  of  the  hills  on 
the  north  side  of  the  great  Wealden  valley,  and  turning  from 
the  beautifol  Upper  Cretaceons  valley,  which  had  just  been 
crossed,  they  surveyed  the  still  more  beautiful  and  far  more 
extensive  Valley  of  the  Weald  which  stretched  far  as  the  eye 
could  reach  to  the  south,  to  the  east,  and  to  the  west.  In  the 
centre  of  this  great  ** valley  of  elevation"  the  "Forest  ridge'* 
rising  above  the  surrounding  country,  was  conspicuously  ob- 
servable, and  some  of  the  hills  at  the  western  extremity  of 
the  Weald  could  be  dimly  descried  through  the  distant  summer 
haze  which  softened  the  further  outlines  of  the  splendid  land- 
scape. 

Leaving  with  reluctance  the  hill  top  the  party  descended  to  the 
Nutfield  Road,  which  traverses  the  hill  from  east  to  west,  and  pro- 
ceeding westward  several  quarries  in  the  Lower  Greensand  were 
met  with,  in  which  the  useful  calcareous  building  stone,  the 
Kentish  Rag,  was  found  interbedded  with  bands  of  clay,  and 
associated  with  a  large  amount  of  chert.  After  passing  through 
the  villages  of  Bletchingly  and  Nutfield  the  fullers-earth  workings 
were  visited.  Fullers-earth  has  long  been  obtained  from  the  Lower 
Greensand  of  Nutfield,  and  is  found  to  be  superior  in  quality  to  the 
similar  argillaceous  earth  which  gives  name  to  the  beds  between  the 
Liferior  and  Great  Oolites.  Associated  with  the  earth,  crystals 
of  barytes,  often  with  cubes  of  iron  pyrites  attached,  are  found  in 
considerable  quantity.  Some  time  was  spent  in  inspecting  the 
workings  and  examining  the  beds,  after  which  a  rapid  descent 
from  the  high  ground  of  Nutfield  brought  the  Members  to  Red 
Hill  Station,  from  which  the  train  to  London  was  taken. 
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EXCURSION  TO  HAMPSTEAD,  Juot  22nd,  1874. 
Director:  Caleb  Evans,  Esq.,  F.Q.S. 

{Report  by  Mr,  Evans,) 

The  party  assembled  about  half-past  six  at  the  flag-staff  near 
Jack  Straw's  Castle,  at  which  spot  the  Director  explained,  by 
means  of  diagrams,  the  geology  of  the  district  within  view. 

The  greater  portion  of  the  district  is  occupied  by  the  London 
Clay,  which  at  Hampstead,  Highgate,  and  Harrow  passes  gradually 
into  a  sandy  day  abounding  with  well  preserved  fossils,  and  then  into 
the  Lower  Bagshot  Sands,  while  at  Mill  Hill,  Totteridge,  Bamet, 
and  Stanmore  Heath  the  London  Clay  is  capped  by  ''  Pebble- 
gravely'*  traces  of  which  are  also  seen  on  Hampstead  Heath. 

From  North  End  the  position  of  the  Glacial  beds  of  Hendon  and 
I^cbley  were  pointed  out,  and  the  two  periods  of  denudation  (the 
one  pre-  and  the  other  post-Olacial)  were  explained. 

The  party  returning  by  the  Yale  of  Health  followed  the  junction 
of  the  Bagshot  Sands  and  London  Clay  from  that  spot  to  the  spring 
in  Well  Walk,  and  concluded  the  evening  by  inspecting  Mr.  C. 
Evans'  collection  of  Tertiary  fossils  at  his  residence. 


EXCURSION  TO  ST.  MARY'S  CRAY,  WELL  HILL, 

AND   SHOREHAM,   KENT. 

Saturdat,  Junk  26th,  1874. 

Director: — Joseph  Prestwich,  Esq.,  F.R.S.,  F.G.S.,  &c. 

[Report  by  Hbnrt  Walker,  Esq.,  F.Q.S.) 

On  arriving  at  St.  Mary's  Cray,  and  being  joined  by  Pro- 
fessor McKenny  Hughes,  the  party  inspected  the  cutting  at 
the  St.  Mary's  Cray  Station,  which  exposes  lower  pebbly  beds 
of  the  Woolwich  and  Reading  Series  and  Thanet  Sands.  *  The 
valley  deposits,  close  to  the  Gas  Works,  were  then  visited. 
These  were  found  to  consist  of  ten  or  twelve  feet  of  fine  loamy 
brick-earth,  with  land  shells,  and  a  little  gravel ;  the  whole 
having  a  "  rain-wash"  aspect.  The  Chalk  was  seen  below. 
Professor  Hughes  gave  an  admirable  field  lecture  on  the  physical 
history  of  the  landscape  of  which  this  valley  is  one  of  the  features, 
ftnd  then  a  start  was  made  for  Skid  Hill,  where  Mr.  Prestwich^ 
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F.H.S.,  was  to  meet  the  Members,  and  act  as  conductor  for  the 
day.  The  walk  from  St.  Mary's  Cray  to  Skid  Hill  was  a  delight- 
fill  one,  through  Kentish  lanes,  rich  in  the  wild  flowers  of  June, 
with  great  landscapes  anon  bursting  into  view  under  one  of 
Constable's  skies.  Eevington,  East  Hall,  and  Skid  Hill,  the  last 
named  signalised  by  two  grand  trees  of  Portugal  laurel  {Cerasus 
Lusitanica)  loaded  with  racemes  of  fragrant  white  flowers,  were 
successively  reached. 

Mr.  Prestwich,  who  had  walked  from  Shoreham  for  the  purpose, 
now  came  forward  as  geological  guide.  The  physical  and  topo- 
graphical features  immediately  westward  were  first  explained, 
Eeston,  Knockholt  Beeches,  and  the  long  dry  valley  of  the  upper 
Cray  being  notable  objects  in  the  view.  Skid  Hill  itself  (capped 
with  gravel)  is  but  a  portion  of  the  interesting  outlier  of  Thanet 
Sands  and  Woolwich  Clay  which  at  Well  Hill — a  mile  further 
along  the  same  elevation — ^bas  a  still  larger  deposit  of  gravel  of 
great  age  and  singular  interest.  Indeed,  Well  Hill  was  the 
central  point  of  interest  for  the  day.  Have  we  here,  in  Kent,  a 
true  Glacial  gravel  ?  At  length  the  higher  ground,  more  than  600 
feet  above  Ordnance  Datum,  was  reached,  and  the  Well  Hill  gravel 
sections  confronted  the  visitors.  Here  above  the  Thanet  Sands 
and  Woolwich  Beds  were  large  rolled  flints,  highly  fossiliferous, 
in  a  reddish  sandy  matrix,  un stratified.  A  closer  search,  at  the 
suggestion  of  Mr.  Prestwich,  discovered  fragments  of  chert  and 
ragstone.  These  Mr,  Prestwich  referred  to  the  Lower  Greensand 
beds  of  the  Sevenoaks  Range,  some  six  miles  further  south,  and 
separated  from  Well  Hill  by  the  deep  and  broad  valley  of  Holmes- 
dale.  The  Well  Hill  gravel,  according  to  Mr.  Prestwich,  is  a 
solitary  patch  of  marine  gravel,  of  Glacial  age,  which  once 
stretched  over  Kent,  and  is  altogether  an  unique  geological 
memento  in  the  county.  Illustrated  with  pencil  and  paper,  and 
explained  in  a  painstaking  manner  by  Mr.  Prestwich,  the  subject 
gave  a  wonderful  charm  to  the  well-marked  panoramic  landscape 
which  is  seen  from  Well  Hill.  Before  leaving  the  spot  the 
following  orchids  were  gathered  on  the  damp  parts  of  the  heath 
about  Well  Hill — Orchis  maculata,  Hdbenaria  bifoliay  and  Listera 
ovatay  and  close  at  hand  under  the  trees  Ophrt/8  musci/era. 

On  leaving  Well  Hill,  the  excursionists  felt  they  had  seen  the 
great  sight  of  the  day.  The  following  objects,  to  which  Mr. 
Prestwich  called  attention  on  the  arrival  at  Shoreham  may  also  be 
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mentioned  : — Some  notable  sand-pipes  in  the  Chalk,  by  the  side 
of  the  high  road  to  Scvenoaks,  between  the  eighteenth  and 
nineteenth  milestones,  a  very  fossiliferons  bed  of  Chalk  with 
Jnoceramus,  near  the  first  shaft  at  the  north  entrance  to  Halstead 
Tannel,  and  a  dry  npper  valley  of  the  Chalk  (south  branch  of  the 
Timberden  yalley)  with  six  feet  thickness  or  more  of  flints,  the 
water  standing  at  a  level  below  the  valley  fully  100  feet  deeper 
than  it  once  stood.  Lastly,  the  visitors  viewed  from  the  hill  near 
Darent  Holme,  the  residence  of  Mr.  Prestwich,  the  trumpet- 
monthed  valley  of  the  Darent,  opening  out  into  the  Weald,  but 
draining  in  the  opposite  direction  into  the  Thames.  The  bearings 
of  these  facts  upon  the  past  hydrographical  conditions  of  the  Weald 
formed  an  interesting  topic  of  discussion.  The  party  were  enter- 
tained by  Mr.  and  Mrs.  Prestwich  at  their  mansion,  Darent  Holme, 
where  a  cordial  vote  of  thanks  was  presented  to  the  conductor 
through  Mr.  Walker  and  Professor  Hughes.  The  return  journey 
to  town  completed  the  day*s  proceedings. 


ORDINARY  MEETING,   July  8rd,  1874. 

Hbkbt  Woodward,  Esq.,  F.R.S.,  F.G.S.  &c..  President,  in 
the  Chair. 

The  following  Donations  were  announced: — 

**  Quarterly  Journal  of  the  Geological  Society,'*  Vol.  xxx..  Part  2 ; 
from  that  Society. 

"Abstracts  of  Proceedings  of  the  Geological  Society;"  from 
that  Society. 

*•  Transactions  of  the  Edinburgh  Geological  Society,"  Vol.  i.. 
Parts  1,  2,  and  3 ;  Vol.  ii..  Parts  1  and  2  ;  from  that  Society. 

"  Proceedings  of  the  Berwickshire  Naturalists*  Club,"  1878  ; 
from  that  Club. 

*•  Transactions  of  the  Manchester  Geological  Society,"  Vol.  xiii., 
Part  4  (1873-4);  from  that  Society. 

"Annual  Report  of  the  Cornwall  Polytechnic  Society,"  1870  ; 
from  that  Society. 

"Annual  Report  of  the  Leeds  Philosophical  and  Literary 
Society,"  1872-8  ;  from  that  Society. 
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"  Proceedings  of  the  South  Wales  Institute  of  Engineers,"  Vol. 
Till.,  No,  5  ;  from  that  Institute. 

^<  El  departamento  de  Ancachs  7  sus  Riquezas  MineraleB,"  by 
A.  Raimondi. 

"  The  Deposition  of  Cretaceous  Strata,"  by  C-  E.  De  Ranee, 
F.Q.S. ;  from  the  Author. 

"Earth  Sculpture,"  by  A.  Geikie,  F.G.S. ;  from  the  Author. 

^  The  Mining  District  of  Cornwall  and  West  Devon,"  by  Henry 
Collins,  F.G.S.  ;  from  the  Author. 

"  List  of  Works  on  the  Geology,  Mineralogy,  and  Paleontology 
of  Hampshire,"  by  W.  Whitaker,  B.A.,  F.G.S.;  from  the 
Author. 

**  List  of  Works  on  the  Geology,  &c.,  of  Cambridgeshire,"  by 
W.  Whitaker,  B.A.,  F.G.S.  ;  from  the  Author. 

The  following  were  elected  Members  of  the  Association  :— 
Nathaniel  H.  B.  Beardmore,  Esq. ;  A.  J.  Jukes  Browne,  Esq., 
F.G.S. ;  Frank  Trickett,  Esq. ;  Samuel  Trickett,  Esq.  ;  Captain 
G.  H.  White  ;  and  Thomas  J.  Woodrow,  Esq. 

The  following  Papers  were  read : — 

1.   Ok  thb  Deposits  kow  Forhikg  ik  British  Seas. 
By  G.  a.  Lebour,  Esq.,  F.G.S.,  F.R.G.S.,  &c. 

1  have  limited  my  present  task  to  a  brief  description  of  the 
principal  constituents  of  British  sea-bottoms,  with  particular 
reference  to  their  distribution  and  its  causes,  only  occasionally 
noting  by  the  way  the  more  obvious  bearings  which  some  of  the 
phenomena  described  have  upon  geological  theory.  For  minute 
analyses  and  all  similar  details  I  beg  to  refer  those  interested  in 
them  to  M.  Delesse's  elaborate  book.* 

The  materials  forming  the  recent  deposits  of  our  seas  are  either 
of  mechanical,  chemical,  or  organic  origin.  The  agencies  by  which 
these  three  kinds  of  sediments  are  distributed  are  rain,  rivers, 
winds,  tides,  currents  and  the  composition  of  the  sea-water,  which, 
in  their  tnm,  are  all  subordinate  to  the  configuration  of  the  sea-floor. 
What  this  configuration  is  may  be  easily  perceived  by  examining 
the  contour  lines  in  M.  Delesse's  maps,  the  entire  extent  of  the 
Boas  under  our  notice  forming  part  of  the  great  Old- World  Plateau 

*  *'  Lithologie  da  Fond  des  Men/'  par  A.  Delwse.     Paris,  E.  Laoroiz,  1878. 
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and  reaching  to  its  westernmost  margin,  beyond  which  we  have  the 
vast  deep  Atlantic  desert,  of  which  we  have  heard  so  much  lately 
with  its  immensity  of  calcareous  ooze. 

ROOK  BOTTOMS. 

Confining  our  observation  then  to  this  high-land  of  the  ocean, 
we  first  notice  that  in  some  places  no  deposit  takes  place  at  all, 
the  bare  rock  being  left  exposed  to  the  direct  action  of  the  water. 
These  rock  bottoms  are,  however,  the  exception,  and  occur  usually 
in  patches  of  limited  extent  and  always  where  there  are  powerful 
and  constant  current  streams.  Thus  the  largest  of  these  are  in  the 
western  half  of  the  Channel  Valley,  forming  two  great  spreads, 
the  one  extending  from  the  Land's  End  to  the  Brittany  coast, 
and  consisting  apparently  of  crystalline  rocks  akin  to  those 
of  the  land  on  either  side ;  the  other  stretching  from  the  coast  of 
Normandy  nearly  to  that  of  Dorsetshire,  and  uniting  the  Lower 
Secondary  rocks  of  France  and  England  in  the  same  manner. 
Immediately  to  the  west  of  the  Straits  of  Dover,  and  up  to  the 
very  edge  of  the  watershed- line,  is  another  uncovered  area,  also 
extending  nearly  from  shore  to  shore,  and  yielding  chiefly  chalk  in 
the  soundings.  A  somewhat  large  rock-bottom  is  to  be  found  at 
the  widest  part  of  the  Thames  estuary  beyond  its  deltal  mud 
deposit,  of  which  mention  will  be  made  in  due  course;  smaller 
patches  are  known  occupying  a  precisely  similar  position  beyond  the. 
mouth  of  the  Bevem  in  the  Bristol  Channel.  Large  irregular- 
shaped  rock-bottoms  follow  in  the  main  the  central  portion  of  the 
Anglo-Irish  sea,  while  numerous  small  ones  are  known  along 
the  west  coast  of  Ireland,  off  the  extreme  north  of  Scotland, 
and  in  insignificant  masses  along  the  Yorkshire  coast  and  else- 
where. The  distribution  of  these  bare  spots  is  directly  con- 
nected with  that  of  currents,  and  that  this  is  so  is  strikingly 
proved  by  the  fact  that  they  are  by  no  means  limited  to  any. 
relative  depth,  for  in  the  Channel  at  least  their  range  extends 
entirely  across  the  valley,  and  even  in  one  place  (to  the  north- 
west of  Aldemey)  reaches  the  depth  of  more  than  86  fathoms  at . 
the  deeper  end  of  a  curious  longitudinal  oblique  furrow  called  by 
M.  Delesse  the  "  Fosse  Centrale"  of  the  Channel.* 

•  This  bog  hollow  ia  attributed  by  M.  Belesae  to  a  line  of  frantwre  not  yet  filled. 
np.    This  view  appears  to  me  to  be  scarcely  admissible.    Trae,  as  he  says,  it  can- 
not  be  itself  due  to  the  Channel  currents.  That  it  influences  the  deeper  currents  is 
shown  by  the  fact  that  whereas  the  greater  part  of  its  length  ia  gradually  being 
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Other  rocky  afeas  hare  been  met  with  at  a  yery  considerable 
distance  from  land  and  at  great  depth  ;  thns  one  of  them  at  more 
than  500  fathoms  exists  at  the  point  at  which  the  Atlantic  Gable 
enters  the  yet  deeper  region  of  the  Atlantic  ooze.  Most  of  the 
other  deep-sea  localities  of  this  kind  are,  however,  beyond  the 
limits  of  British  seas  proper. 

It  is  worth  noting,  before  leaving  the  subject  of  Rock-bottoms, 
that  in  most  cases  the  specimens  brought  np  by  the  sonnding  in- 
struments consist  of  much-weathered  and  rotten  stone,  thus 
attesting  the  kind  of  action  which  is  exerted  by  the  sea  on 
nncoYered  rocks  in  its  depths — an  action  chiefly  of  chemical  dis- 
integration and  decomposition,  not  of  mechanical  degradation,  eren 
where  powerful  currents  are  present. 

MARINB   DEPOSITS. 

Supposing  the  bed  of  the  ocean  were  raised  some  600  feet,  we 
should  perceiye,  in  British  seas,  a  vast  expanse  of  eand  with 
occasional  islands  of  clay,  mud,  gravel,  and  shell-deposits,  besides 
the  uncovered  rock-faces  already  alluded  to.  The  broader  the  sea, 
the  greater  the  proportion  of  sand.  Thus  the  North  Sea  may, 
roughly  speaking,  be  said  to  hav.e  its  floor  entirely  covered  with 
sand,  the  chief  exceptions  being  a  somewhat  extensive  space  covered 
with  mud  to  the  north-east  of  Scotland,  and  beyond  it  a  triangular 
area  of  clayey  bottom,  which  may  indeed  prove  to  be  merely 
decomposed  schistose  rocks  in  aitUy  and  thus  to  belong  properly 
to  the  true  rock-bottoms.  Towards  the  middle  of  the  North  Sea 
the  sand  becomes  muddy  over  a  considerable  region ;  but  the  main 
character  of  the  entire  North  Sea  bottom  is  decidedly  sandy.  Due 
north  again,  from  Scotland  to  the  Faroe  Islands,  sand  largely  pre- 
dominates, as  it  also  does  to  the  north-west  as  far  as  the  islet  of 
Eockall,  just  south  of  which  reef,  however,  it  assumes  again  a 
muddy  character.  To  the  west  of  Ireland  likewise  sand  is  beyond 
comparison  the  most  prevalent  bottom.  South  of  Ireland,  a  large 
expanse  of  pure  mud  and  muddy  sand  spreads  itself  to  the  south 
and  south-east,  reaching  almost  to  the  Land's  End  shell-deposit 
to  be  mentioned  presently. 

Sand  merging  into  gravel  and  gravel  itself  are  by  no  means  as 

filled  np  with  sand,  its  deepest  point  is  kept  free  from  deposit  of  any  sort.  Indeed 
this  Central  Fosse  has  all  the  oharacteristios  of  a  tme  rook-hasia,  bat  whether  or 
no  it  is  due  to  gUciiU  action  is  a  question  not  to  be  tackled  raahlj.  Its  directioa 
is  aboat  E.N.E. 
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frequent  as  might  be  expected,  the  only  considerable  deposits  being 
off  the  French  coast  between  Havre  and  Calais.  All  other  sub- 
marine accamalations  of  the  kind  are  small,  nnimportant,  and  very 
irregnlar  in  shape ;  they  appear  to  be  almost  entirely  confined  to 
the  Channel,  with  the  exception,  perhaps,  of  a  patch  to  the  south- 
east of  the  North  Foreland. 

Sand,  sandy  mud,  and  mud  proper  are  distributed  in  about  equal 
proportions  in  the  St.  George's  Channel. 

It  is  extremely  difficult  to  be  certain  from  soundings  merely 
whether  a  clay-bottom  represents  a  recent  or  an  old  deposit. 
Some  of  the  shingle  bottoms  may  also  be  looked  upon  as  of 
doubtful  origin,  some  being  possibly  the  result  of  disintegration  of 
submarine  out-crops  in  place,  while  most  of  them  are  no  doubt  the 
result  of  transport  from  our  shore  pebble-beaches. 

Most  interesting  of  all  deposits  now  forming  in  our  seas  are 
those  which  consist  almost  entirely  of  organic  debris.  These  are 
the  shreds  of  evidence  to  which,  in  the  very  doubtful  event  of  their 
being  spared  by  denudation,  geologists  of  the  far-future  will  have 
to  trust  for  a  record  of  the  life  of  our  seas  during  the  present  geo- 
logical period.  Very  incomplete  and  fragmentary  this  record  must 
needs  be,  even  under  the  most  favourable  conditions  of  preservation. 
In  the  Channel  the  shell  deposits  attain  their  greatest  development 
as  regards  British  seas.  They  form  two  long,  occasionally  broken, 
lines  following  at  a  short  distance  the  English  and  French  shores 
and  at  the  widest  part  of  the  Channel  actually  crossing  the  broad 
sea -valley,  partly  over  and  considerably  to  the  west  of  the  large 
Cornish-Breton  spread  of  bare  rock  referred  to  above.  Indeed  the 
outer  mouth  of  the  Channel  may  be  regarded  as  being  one  vast 
shell-bank.  Elsewhere  in  the  Channel  the  Gallic  side  is  richer  in 
shell  deposits  than  the  English,  the  bays  of  8t.  Brieuc  and 
Cancale  especially,  and  the  great  sweep  from  the  Cotentin  Penin- 
sula to  Calais  containing  deposits  of  a  size  unknown  on  the 
British  side.  The  Straits  of  Dover  put  a  stop  to  these  organic 
accumulations,  and  the  only  considerable  shell -masses  beyond,  in 
the  North  Sea,  are :  a  tolerably  large  area  to  the  north  of  Dunkirk, 
a  smaller  one  between  the  Yorkshire  coast  and  the  western 
extremity  of  the  Dogger  Bank,  an  interrupted  line  of  shell-banks 
trending  from  the  Firth  of  Forth  by  the  Long  Forties  and  the 
Dutch  Bank  to  the  coast  of  Norway  near  Stavanger  Fjord,  and, 
lastly,  one  close  inland  in  the  northern  portion  of  Dornoch  Firth. 
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The  northernmost  in  the  British  seas  are :  one  north  of  Arma- 
dale, and  further  still  a  large  bank  to  the  soath-west  of  the  Faroe 
Islands.  Bereral  shell-beds  line  the  sea-floor  ronnd  the  Hebrides, 
and  far  to  the  west  beyond  the  ocean  valley  which  lies  between  them 
and  the  Rockall  Reef.  Here  also  is  a  fish-bank  more  than  three 
miles  in  length — a  deposit  formed  entirely  of  fish  remains,  and 
giving  us  some  inkling  of  the  manner  in  which  some  of  oar  long- 
fossilised  fish-beds  were  originally  accumulated. 

Shell-beds  are  scarce  off  the  west  coast  of  Ireland,  but  are  to  be 
found  to  the  north  and  south  of  the  island,  while  they  are  namerons 
and  extensive  throughout  the  Irish  Channel,  especially  in  its  central 
portion. 

PLUVIO-MARINE    DEPOSITS. 

We  now  come  to  a  class  of  deposits  which  are  directly  due  to 
the  transporting  action  of  rivers,  or  in  other  words  to  Submarine 
Deltas.  Of  these  the  most  marked  is  that  of  the  Thames,  which 
forms  a  large  spread  of  arenaceous  mud  or  silt  in  the  shape  of  a 
triangle,  the  base  of  which  runs  from  Margate  to  Foulness,  and 
the  apex  of  which  stretches  out  to  sea  in  a  north-easterly  direction. 
The  Seine  delta  is  about  equal  in  size  to  and  identical  in  composition 
with  that  of  the  Thames,  but  the  reverse  of  it  in  this  particular, 
that  the  wide  base  of  its  triangle  faces  the  sea  and  its  apex  runs 
up  the  estuary.  The  Severn  has  no  very  well-marked  submarine 
delta,  although  the  muddy  banks  in  the  upper  part  of  the  Bristol 
Channel  no  doubt  represent  it.  Mr.  James  Geikie  describes  the 
mud  banks  at  the  mouth  of  the  Firth  of  Tay  as  forming  a  well- 
defined  submarine  delta  *  and  doubtless  a  study  of  the  sound- 
ings in  the  Admiralty  charts  with  a  view  to  following  up  the 
inquiry,  would  show  that  every  river  has  its  own  more  or  less 
limited  area  of  discharge  in  altering  the  materials  of  which 
currents  and  other  marine  distributing  agents  are  powerless  f 

SHORE    DEPOSITS. 

The  history  of  shore  deposits  is  in  general   so  obvious,  and  it  is 
so  difficult  to  map  their  boundaries  on  any  but  the  largest  scale 

*  "  The  great  Ice  Affe,"  1874.    Appendix  p.  520. 

f  These  submitrine  deltas  can  only  be  cleany  reco^ized  when  the  materiali  of 
which  they  consist  are  distinct  from  those  forming  the  preraiUng  sea  bottom. 
Thus  the  Thames,  Seine,  and  Tay  deltas  are  knpwn  because  they  are  mad  banks 
in  a  sandy  sea.  Those  of  the  Volga,  the  Danube,  the  Nile,  and  the  Ebro  are  also 
easily  discovered  because  they  form  sand  banks  in  mud-bottomed  seas.  Birers 
bringing  mud  into  muddy  seas  or  sand  into  sandy  seas,^  have  deltas  likewise,  but. 
it  is  in  exoeptional  cases  only  that  we  oan  delineate  their  bonndaries. 
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that  it  is  not  necessary  to  do  more  than  mention  them  on  the 
present  occasion.  It  mast,  however,  be  borne  in  mind  that  in  these 
littoral  accumulations  we  have,  in  the  rough,  a  large  part  of  the 
material  whence  the  sifted  and  re-assorted  deposits  of  the  deep  sea 
are  derived. 

CHEMICAL   DEPOSITS. 

Of  true  chemical  deposition  it  cannot  be  said  that  the  compara- 
tively shallow  seas  of  Britain  offer  any  good  example,  although 
doubtless  much  of  the  intimate  composition  of  the  muddy  and 
marly  deposits  is  owing  to  reactions  effected  by  the  constituents  of 
the  sea-water,  and  by  the  difference  between  surface  and  depth,  and 
pertaining  to  various  currents. 

CONCLUSION. 

It  may  be  objected  with  some  plausibility  that  some  of  the 
principal  marine  deposits  at  present  in  course  of  formation  being 
of  a  perfectly  incoherent  nature,  such  as  sand,  not  much  reliance 
is  to  be  placed  on  the  mapping  of  the  spaces  covered  by  them. 
As  regards  deposits  in  shallow  water  this  is  no  doubt  true,  the 
shifting  of  minor  sand  banks  being  a  matter  of  common  observa- 
tion.  I  do  not,  however,  believe  either  that  the  larger  features 
even  of  rather  shallow  sea-bottoms  are  liable  to  important  changes 
while  the  surrounding  geographical  conditions  remain  unaltered, 
or  that  any  change  save  that  which  is  inseparable  from  secular 
increase  of  thickness  takes  place  in  the  deeper  seas.  In  a  narrow 
and  shallow  sea,  such  as  the  English  Channel,  a  complex  system 
of  currents  is  ever  at  work  together  with  regular  tidal  action  in 
distributing  the  loose  elements  of  the  sea  bottom — yet  even  here 
years  of  accurate  observation  have  caused  no  change  in  the  mapping 
of  the  reefs  and  banks,  such  as  would  be  appreciable  in  a  small- 
scale  chart.  The  same  agencies  which  sweep  certain  spots 
bare,  heap  up  material  elsewhere,  and  the  relative  form  of  both 
covered  and  uncovered  portions  of  the  sea-floor  is  preserved  by 
them.  Mud  and  clay  once  deposited  in  hollows  can  have  but  little 
tendency  to  be  dislodged,  and  the  same  may  be  said  of  marly 
deposits.  Moreover  the  limits  assigned  to  such  accumulations  are 
not  likely  to  suffer  much  alteration,  since  the  almost  microscopic 
particles  of  which  they  consist  make  it  impossible  for  them  to  be 
released  from  suspension  in  the  current  streams  except  after  the 
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deposition  of  the  more  bulky  and  heavier  grains  of  sand.  Eyery 
patch  of  mud  or  clay  the  ingredients  of  Tfhich  hare  been  brought 
from  a  distance  must  to  a  certain  extent  be  a  centre  of  calm.  The 
points  of  the  greatest  rapidity  and  violence  of  current  action  are 
shown  by  the  bare  rock  patches  ;  while  the  intermediate  stages  of 
agitation  are  represented  by  the  other  deposits,  ranging  from  muddy 
sand,  sand,  sandy  gravel,  etc.,  to  the  coarsest  shingle  beds. 
Where,  as  in  the  North  Sea,  for  example,  the  loose  material  of 
the  sea- bottom  is  to  a  great  extent  homogeneous,  the  calm-«pots 
will  be  marked  by  features  only,  and  are  therefore  less  noticeable. 


2.   Notes  on  Specimens  of  Phosphorite  from  the  Department 

OF  THE  Lot,  France. 

By  F.  W.  RuDLER,  Esq.,  F.G.S.,  M.A.I.,  &c. 

In  bringing  before  the  Association  some  fine  specimens  of 
phosphorite  which  have  recently  been  brought  to  this  country  from 
Bach,  in  the  Department  of  the  Lot,  and  have  been  kindly  placed 
in  my  hands  by  Mr.  Walter  Pearce,  it  may  not  be  out  of  place  to 
offer  some  remarks  on  the  conditions  under  which  the  mineral 
occurs  in  this  locality.  The  discovery  of  phosphorite  in  the  South 
of  France  dates  back  to  1865,  when  a  chemist  named  M.  J.  A. 
Poumarede,  having  returned  from  Mexico  and  settled  near  Caylus, 
in  the  Department  of  Tarn -et- Garonne,  was  struck  with  the  appear- 
ance of  certain  nodular  bodies  which  were  abundantly  scattered 
over  the  surface  of  the  Oolitic  limestone  in  his  neighbourhood. 
On  submitting  some  of  these  nodules  to  analysis  he  found  that 
they  were  not  carbonate,  but  phosphate  of  calcium.  Although  M. 
Poumarede  was  fully  alive  to  the  value  of  his  discovery,  he  failed 
to  follow  it  up  at  the  time,  and  was  soon  afterwards  removed 
by  death.  Attention,  however,  was  seriously  directed  to  these 
minerals  on  the  conclusion  of  the  Franco-German  war  ;  and  since 
1871  they  have  been  actively  worked  in  a  large  number  of  localities 
in  the  Departments  of  the  Lot,  Aveyron,  and  Tam-et- Garonne. 

The  phosphorite  occurs  partly  in  regular  veins  running  through 
the  limestone,  and  partly  in  "  pockets"  or  irregular  deposits  in 
cavities  which,  in  some  cases,  reach  a  width  of  more  than  100  feet. 
It  will  be  seen  from  the  specimens  exhibited  that  the  mineral 
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frequently  assumes  nodular  forms,  with  a  beautifully  concentric 
structure  resembling  that  of  a  regularly  formed  agate;  whilst 
other  specimens  show  a  finely  banded  structure,  such  as  would  be 
presented  by  a  mineral  deposited  from  solution  in  successive 
layers  on  the  walls  of  a  fissure.  According  to  several  analyses 
by  M.  Bobi^rre,  the  French  phosphorite  contains  on  an  average 
about  36  per  cent,  of  phosphoric  anhydride,  corresponding  to  78 
per  cent,  of  tricalcic  phosphate.  It  also  contains  chlorine  and 
fluorine,  and  it  is  notable  that,  as  in  the  Bavarian  and  Nassau 
phosphates,  iodine  is  present,  presumably  as  iodide  of  potassium. 
The  geological  age  of  these  phosphatic  deposits  may  be  inferred 
from  the  associated  organic  remains.  Some  of  these  fossils  are 
now  exhibited.  The  working  of  the  French  phosphorite  has, 
indeed,  brought  to  light  a  remarkable  assemblage  of  mammalian 
remains,  similar,  in  many  respects,  to  those  from  the  gypseous 
deposits  of  the  Paris  Basin.  In  addition,  however,  to  the 
occurrence  of  Anoplotherium^  PalcBotherium^  Dichohune^  and  other 
well-known  genera,  the  deposits  have  yielded  some  new  fossils 
allied  to  the  lemurs,  or  Madagascar  monkeys.  One  of  these,  from 
Quercy,  has  been  described  by  M.  Filhol,  under  the  name  of 
Necrolemur  antiquus,  whilst  another  new  genus  has  been  estab- 
lished by  M.  Delfortrie  on  some  remains  from  B^duer.  It  has, 
however,  been  asserted  by  M.  Filhol  that  the  B^duer  fossil, 
which  had  received  the  name  of  Palceolemur  Betilleij  is  not  a  true 
lemur,  but  is  even  more  interesting  since  it  presents  characters 
which  bring  it  into  relation  with  the  lemurs  on  the  one  hand  and 
with  the  pachyderms  on  the  other.  Those  who  wish  to  study 
the  occurrence  of  the  French  phosphatic  deposits  and  the  organic 
remains  which  they  have  yielded  may  be  referred  to  the  recent 
writings  of  MM.  Daubrde,  Delfortrie,  Durand-Clay,  Filhol,  Qervais, 
Leymerie,  and  Malinowski. 


3.    A  Probable  Origin  of  the  Perforations  in  Sharks* 

Teeth  from  the  Crao. 

By  H.  A.    Burrows,  Esq. 

As  there  exists  in  recent  specimens  a  foramen  for  the  passage 
of  blood-vessels  for  the  nutrition  of  the  pulp  filling  the  interior  of 
the  tooth,  and  opposite  to  this  numerous  small  holes  on  the  other 
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side  of  the  tooth,  we  may  infer  that  the  extinct  large  sharks  also 
possessed  similar  holes  in  their  teeth  ;  bat  as  the  former  hole  co- 
incides with  the  position  of  the  hole  found  in  the  fossil  teeth,  we 
may  conclude  that  the  holes  found  in  the  fossil  teeth  were  formed 
by  the  blood-vessels  passing  in  at  one  side  of  the  tooth,  and  that 
opposite,  or  nearly  so,  on  the  other  side  of  the  tooth,  a  branch 
vessel  passed  in  or  out,  so  leaving  a  hole,  or  may  be  several  small 
lioles,  which,  by  subsequent  friction  or  partial  solution  of  the  tooth 
became  united  into  one  hole  passing  completely  through  the  tooth. 
All  the  perforated  teeth  are  from  the  upper  jaw. 

The  specimens  of  sharks*  teeth  from  the  Crag  exhibited  by  Mr. 
Gharlesworth  are  divisible  into  two  classes  : — 

(a)  Those  in  which  the' enamel  is  smooth;  with  serrations  on  the 
edges,  and  only  one  hole.     Lithodomi  markings  absent. 

(5)  Those  in  which  the  serrations  are  gone,  but  extending  over  the 
surface  of  the  tooth  (more  or  less),  are  peculiar  markings 
attributed  to  lithodomi. 

Specimens  of  recent  Sharks^  Teeth  on  which  the  above  is  founded. 

Large  jaw  showing  difference  between  upper  and  lower  teeth, 
and  vessel  passing  through  mucous  membrane  into  tooth. 

Portions  of  smaller  jaw  from  which  the  teeth  were  obtained  by 
maceration  in  water. 

Two  teeth  showing  cribriform  character  of  foramen. 

Outer  wall  of  tooth  removed  to  show  interior  chamber,  with 
foramen  communicating. 

Specimen  injected  to  show  holes  on  opposite  side  of  tooth. 

Numerous  specimens  having  holes  at  various  places  in  the 
fang. 

Tooth  macerated  in  hydrochloric  acid  for  a  short  time,  and  then 
dried,  which  shows  peculiar  markings  similar  to  those  attributed  to 
lithodomi  in  the  fossil  teeth. 
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July  20th,  218T,  22nd,  23bd,  24th,  and  25th,  1874. 

Directors:  Thos.  Wright,  Esq.,  M.D.,  F.R.S.E.,  F.G.8. ;  tlie  Rev. 
W.  S.  Symonds,  M.A.,  F.G.8.;  W.  C.  Lucy,  Esq.,  F.G.S. ; 
and  J.Logan  Lobley,  Esq.,  F.G.S. 

{Report  hy  Mr.  Lohley^ 

TALB    OF    SEVERN. 

Members  arrived  at  Cheltenham  about  mid-day,  and  were  enter- 
tained at  luncheon  by  Dr.  Wright,  who  received  the  party  at  the 
railway  station.  That  a  general  idea  of  the  geology  and  physio- 
graphy of  the  district  might  be  obtained  as  early  as  possible,  the 
afternoon  of  the  first  day  was  devoted  to  a  visit  to  Chnrchdown 
Hill,  an  outlier  of  the  Jurassic  rocks  of  the  Cotteswolds,  standing 
well  out  in  the  Vale  of  Severn,  a  few  miles  south  of  Cheltenham. 
The  summit  was  reached  after  a  somewhat  steep  ascent,  and  the 
atmosphere  being  clear,  a  fine  view  of  the  great  Vale  of  Severn 
was  obtained.  The  Paleeozoic  western  boundary  from  the  Malvems 
to  May  Hill  and  the  Forest  of  Dean  was  equally  conspicuous  with 
the  Mesozoic  Cotteswolds  and  their  two  outliers  of  Breedon  Hill 
and  Robin  Hood's  Hill  on  the  eastern  side,  while  the  fiat-bottomed 
vale  of  Trias,  Lias,  and  Alluvium  stretched  far  to  the  north  and  far 
to  the  south,  with,  in  the  midst,  the  Severn  flowing  past  Wor- 
cester, Tewkesbury,  and  Gloucester,  and  broadening  to  its  estuary. 
After  describing  the  geology  of  the  country  within  view,  Dr. 
Wright  pointed  out  that  Churchdown  Hill  was  a  typical  outlier, 
and  corresponded  stratigraphically  with  the  lower  portion  of  the 
Cotteswold  escarpment,  from  which  the  outlier  is  distant  about  a 
mile,  the  base  being  composed  of  the  Lower  Lias,  which  rises  to 
some  distance  up  the  hills,  succeeded  by  the  Middle  Lias,  with  a 
small  amount  of  Upper  Lias  forming  the  summit.  Descending  the 
hill,  a  visit  was  paid  to  the  vicarage,  at  the  hospitable  invitation  of 
the  Rev.  Dr.  Smythe,  F.G.S.,who  exhibited  to  his  visitors  a  collec- 
tion including  local  Liassic  fossils.  The  party  then  returned  to 
Cheltenham,  and,  in  the  evening,  dined  together  at  the  Queen's 
Hotel. 

THE    cotteswolds. 

On  Tuesday  morning  the  Members  proceeded  in  carriages  to 
Leckhampton  Hill,  at  the  foot  of  which  they  alighted,  and,  walk- 
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ing  np  the  gradnally-ascending  road,  obtained  more  and  more  ex- 
pansive views  of  the  beautiful  and  well-wooded  vale,  with  the  wide- 
spreading  town  of  Cheltenham,  overshadowed  by  the  neighbour- 
ing Cotteswolds.  About  mid-way  to  the  summit  Dr.  Wright,  with 
maps  and  sections  spread  on  the  hill  side,  described  the  Jurassic 
Series  of  Gloncesteruhire,  one  member  of  which — ^the  Inferior 
Oolite — is  typically  represented  at  Leckhampton  BQll,  and  is 
exposed  a6  follows  : — 


Upper  Trigonia  Grit 
Zoneof  Ammonites  ParkmsoniiBagBtozie -J  G^ryphite  Grit 

Lower  Trigonia  Grit 

Zone  of  Ammonites  HomphresiannB,  Upper  Freestone 

OoUteMarl 

Zone  of  Ammonites  Murchisoniaa  i  Lower  Freestonee 

Pea  Grit 


pel 

{ 


At  Frocester  Hill  and  Nailsworth  the  sands  above  the  Lias  are 
well  seen,  and  these  the  Doctor  considered  to  be  the  equivalents 
of  the  Midford  Sands,  and  of  the  similar  sands  in  Dorsetshire, 
which  in  that  county  underlie  the  Zone  of  A«  Humphresianus, 
the  Zone  of  A.  Murchisoniaa  being  there  wanting.  The  cause  of 
oolitic  structure  had  never  been  satisfactorily  explained,  but  Dr. 
Wright  ventured  to  think  that  the  minute  nuclei  which  form  the 
centres  of  the  spherical  grains  were  particles  of  coral  which 
formed  the  fine  coral  sand  that  in  the  Oolitic  sea  doubtless  lay  on 
the  coral  reefs,  three  of  which  can  be  made  out  in  the  Inferior 
Oolite.  The  concentric  calcareous  layers  would  then  be  formed  by 
the  derivation  of  carbonate  of  lime  from  the  water,  and  the  spheri- 
cal form  would  be  produced  by  the  rolling  on  the  ancient  beach. 
The  upper  portion  of  the  hill  is  very  steep,  and  tested  the  climbing 
powers  of  the  Members  to  the  utmost  as  the  successive  beds  were 
searched  for  and  examined.  The  "  Pea  Grit  '*  was  well  seen 
resting  on  the  Upper  Lias,  the  highest  point  of  which  was  found. 
After  traversing  the  face  of  the  escarpment  for  a  long  distance, 
and  examining  the  lithological  character  of  the  various  beds,  the 
party  descended  the  hill  to  the  residence  of  Major  Barnard,  F.L.S., 
where  luncheon  was  hospitably  provided  by  that  gentleman.  Rested 
and  refreshed,  the  Geologists  again  ascended  the  face  of  the  hiU, 
and  at  length  reached  the  Gryphite  Grit  and  the  Upper  Trigonia 
Grit  at  the  summit,  after  much  labour.      Fossils  were  abundant^ 
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and  testified  the  correctness  of  the  names  which  had  been  given  to 
these  beds.  The  work  of  collecting  was  interrupted  by  a  violent 
ndn  storm,  which  was  bravely  endured  on  the  shelterless  hill  top. 
Leaving  the  edge  of  the  escarpment,  the  Members  made  their  way 
across  the  elevated  plateau,  the  water  parting  between  the  Severn 
and  the  Thames  hydrographical  areas.  Soon  the  land  began  to 
decline  towards  the  east,  and  the  head  of  the  great  Thames  Basin 
was  found  to  be  a  beautiful  elongated  and  narrow  dell  covered 
with  velvety  turf,  studded  with  small  graceful  trees,  and  gradually 
widening  until  the  Cheltenham  and  Cirencester  high  road  is  struck. 
Near  this  point,  in  a  little  hollow  by  the  roadside,  the  far-famed 
**  Seven  Springs,"  one  of  the  sources  of  the  Thames,  were  found. 
The  pool  formed  by  water  issuing  from  the  springs,  which  were  with 
difficulty  counted  as  seven,  is  very  small,  and  the  stream  running 
from  it — ^the  infant  Thames — is  a  diminutive  rivulet  that  a  boy 
may  step  across.  No  sooner  is  the  river  bom,  however,  than  it 
begins  to  work,  the  stream  being  utilised  for  a  mill  at  a  few  yards 
from  its  source.  The  British  name  Coryn  (now  Chum)  anciently 
g^ven  to  the  stream  signifies  the  top  or  summit,  and  so  was  ap- 
plicable to  the  head  waters  of  the  Thames.  The  Members  having 
rested  for  some  time,  and  listened  to  Mr.  Parker's  remarks  on  the 
etymology  of  the  word  **  chum,"  took  their  departure  from  the  in- 
teresting spot,  and  regaining  their  carriages,  were  swiftly  conveyed 
to  Cheltenham. 

MAT   HILL. 

The  Members  having  surveyed  the  Severn  Valley  from  Church- 
down  Hill,  and  made  themselves  acquainted  with  the  geology  of 
the  great  Cotteswold  escarpment  on  its  eastern  side,  devoted 
Wednesday  to  the  Palaeozoic  rocks  forming  the  western  boundary 
of  the  vale.  The  clump  of  firs  crowning  May  Hill  had  formed 
a  striking  object  in  the  view  from  Churchdown  and  from  Leck- 
hampton  Hills  on  the  two  preceding  days,  and  on  this  the 
third  day  became  the  destination  of  the  party.  Journeying  by 
way  of  Gloucester  City,  the  Geologists  crossed  the  Sevem, 
with  the  wide  alluvial  flats  on  either  side,  and  after  a  short  run 
entered  the  valley  between  the  Forest  of  Dean  and  May  Hill, 
and  alighted  at  Longhope  Station.  An  exposure  of  rock  in 
an  old  quarry  close  to  the  railway  station  showed  highly  inclined 
Upper  Ladlow  strata,  which  here  rise  from  beneath  the  Old  Bed 
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BaDd§Umt  ioTvoDg  iht  rmBej  to  the  sondi,  and  extending  to  the 
Csrbaaiferoiu  rocks  of  the  Forest  of  Dean.    The  litlle  brachiopod, 
so  eharacteristic  of  the  Upper  Lndlov,  the  Ckomaies  iata^  is  most 
abundant,  and  good  spedmens  were  easflj  obtained.     On  higher 
ground  another  old  quairj   gare  an  ezpoenre  of  Wenlock  Lime- 
stone yielding  Stropkameua  €Upns»a^  Fmmtes  GoMandicus,  and 
CaUntpora  caietndatMS,     A  spar  of  May  WHl  was  then  crossed, 
and  after  a  slight  descent  the  great  sjmmetrical  dome-shaped  mass 
called  Xaj  Hill  was  ascended.     There  are  few  spots  of  English 
ground  possessing  greater  interest  to  the  geologist  than  the  summit 
of  the  hill  which  gave  name  to  an  important  member  of  the  Silurian 
Bjstem,  and  which  overlooks  land  formed  of  erery  formation  from 
the  Cambrian  to  the  Oolites.     To  quote  from  **  The  Record  of  the 
BockSy*^  the  charming  work  of  the  Rev.  Mr.  Symonds,  **  Nowhere 
in  this  part  of  England  is  there  a  nobler  view  1     To  the  north  rise 
the  ancient  Makems,  the  Bilurian  rocks  of  Ledbury  and  Wool- 
hope  are  clothed  with  wood,  and  to  the  north-westward  peep  out 
in  the  distance  the  Welsh  mountains  of  Old  Red  Sandstoney  with 
here  and  there  an  outlier  of  Carboniferous  rocks  telling  of  the 
history  of  denudation  between  points  so  distant  as  the  Pen  Gerrig 
Caleb,   near   Crickhowelly  and    the    Clee   Hills  in    Shropshire. 
Westward  is  the  Forest  of  Dean,  with  its  Old  Red  base,  and  all 
the  Carboniferous  Series  on  its   summits ;   and  eastward  is  the 
Severn,  wandering  by  the  old  Norman  cities  of  Worcester,  Tewkes- 
bury, and  Gloucester,  among  the  battle  fields  of  centuries,  by 
ancient  cathedrals,  abbeys,  and  churches,  until  it  expands  into  its 
fine  estuary;    and  far  away  to  the  south  we  see  its  glistening 
waters  bordered  by  the  Cotteswold,  the  Mendip,  and  the  Quantock 
Hills.*'     The  May  Hill  Sandstone  or  Upper  Llandovery  forms  the 
upper  portion  of  the  hill,  while  Wenlock  and  Ludlow  strata  are 
seen  around  the  base,  the  whole  being  probably  the  result  of  the 
same  great  upthrow  of  Silurian  rocks,  which  formed  the  Valley  of 
Woolhopc,  visited  by  the  Association,  July,  1878,  May  Hill  being 
on  the  axis  of  the  Woolhope  valley,  and  exhibiting  rocks  of  the 
same  ago.     The  Upper  Llandovery  rock  is  well  exposed  on  the  hill, 
and  consists  of  beds  of  sandstone  of  various  degrees  of  coarseness, 
in  which  the  little  coral  the  Petraia  presents  itself  abundantly.    On 
the  sumuiit  Mr.  Lobley  described  the  geology  of  May  HUl,  and 
pointed  out  the  many  points  of  geological  interest  within  view, 
Tho  party  lingered  on  the  summit  reluctant  to  leave,  then  de- 
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scendedy  and  after  a  rapid  t? alk  reached  the  railway,  and  returned 
to  Cheltenham. 


GARDEN   CLIFF. 

On  the  fourth  day  the  party,  under  the  guidance  of  Mr.  W.  0. 
Lucy,  F.G.S.,  visited  the  fine  Rhaetic  and  Lower  Lias  sections  of 
(jarden  and  Frethcm  Cliffs  on  the  banks  of  the  SeTem,  near 
Kewnham.  The  train  was  taken  to  Grange  Court,  whence  a 
pleasant  walk  through  fields  and  orchards  brought  the  Geologists  to 
Westbury-on-Sevem,  and  a  little  further  to  Garden  Cliff.  It 
being  low  water  in  the  Severn  a  good  general  view  of  the  cliff  was 
obtained  from  a  point  well  in  front,  and  here  Mr.  Lucy  described 
the  section,  the  details  of  which  he  gave  as  follows : — 

IiiA8.^Low0r  Lias  A,  pla/norbis,  Ottria Liassica, 

Bed  with  Modiola  minima  ... 
Bed  with  Monotit  deeussata 
Bed  with  Modiola  minima 
Bed  with  Fish  remaina 

jseci  ...  ••• 

ESTHVBIA  EON!    ... 

JDeu        .••  ... 

Bed  with  Peeten  VahniensiB,  Cardium  Bhatieumf 
Axintu  eUxicinus,  Anatina,  8ue89ij  Limaprecwrwr^ 
Myaeites  musculoideSt  Plewropfuntu  angulatutf 
Modiolammima 

Upper  Peoten  Bed— Plemosaurus 

JDvQ  •••  •••  ...  ...  ...  ... 

Lower  Peoten  Bed. 

AVICULA  CONTOBTA  ShALSS 

Casdivic  Bh^sticum  Shalis 
BoNS  Bid  Aorodua  miniiMts,  Oyrolepia  Alberti 
jDeci        •••  ...  •*•  •••  ...  ••• 

BoNX  B^D  NemaewnthuB,  Sawrichths  a^iclis,  PuZ- 
lastra  arenieola ...  ...  ...  ...  ... 

JD^^^  •••         •••         •••         •••         •••         ••• 

PuLLASTBA  BxD—Cordium  Phasticumt  Modiola 
minima,  Avicula  contorta,  PuUastra  a/renicola    ... 

Xj^CX  •••  •••  •••  •••  •••  ••• 

Bed  Oyrolepis  AXberH^  Sargodon  Tomicus,  Pullaetra 
a/renicota,  Saurichtlvys  apicalis,  Avicala  contorta.,, 

^39CX       •••        •••        •••        •••       •••        ••• 

Bed,  Coprolites,  Teeth,  Scales 
Bed  line. 

J3vu«  •••  •••  f  •••  ••*  ••• 


a 

a 

n 

CD 


... 
... 

«•• 

•  a. 


II 


n 
P9 


ft. 

in. 

0 

3 

1 

6 

0 

5 

3 

6 

3 

0 

1 

0 

0 

6 

7 

0 

2 

0 

2 

6 

7 

0 

0 

1 

0 

6 

0 

1 

1 

6 

1 

0 

1  10 

0 

5 

1 

3 

14 

0 

3    3 


Kkupxb — Alternating  Beds  of  Bed,  Grey,  and  White  Marls. 


The  dip  of  the  beds  allows  of  each  being  examined  with  case  as 
the  observer  proceeds  along  the  base  of  the  cliff  to  the  south -east, 
geologically  higher  and  higher  beds  forming  the  lower  portion  of 
the  cliff.  This  was  taken  full  advantage  of,  and  under  Mr  Lucy's 
excellent  guidance  a  careful  inspection  of  the  various  beds  was 
made,  and  characteristic  fossils,  which  in  some  of  the  zones  are 
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plentiful,  were  collected.  Much  enthusiasm  was  displayed,  not- 
withstanding a  heavy  downpour,  by  Members  in  searching  for  and 
discovering  the  fossil  zones,  several  of  which  are  very  thin,  and 
require  careful  search  and  an  experienced  eye  for  their  detection. 
He  turning  to  the  north-west  end  of  the  cliflf  the  somewhat  tired 
Geologists  sat  down  to  an  al  fresco  luncheon,  and  awaited  the 
boats,  which  had  been  ordered  to  convey  them  to  Frethem.  At 
length  with  the  rising  tide  the  boats  appeared  in  sight,  and  all 
embarked,  but  half  of  the  party  merely  used  the  boats  for  crossing 
the  river,  and  landed  on  the  opposite  bank,  whence  they  made 
their  way  on  foot  to  Frethern  Cliff,  where  they  were  joined  by  the 
boat  party,  but  time  only  admitted  of  a  hurried  inspection  of  this 
fine  Lower  Lias  section,  as  Severn  bank  was  traversed  en  route  to 
the  Berkeley  and  Gloucester  Ship  Canal,  by  which  the  now  quite 
tired  Geologists  returned  on  board  a  quickly  sailing  steamer  to 
Gloucester,  Notwithstanding  the  fatigues  of  the  day  a  visit  was 
paid  to  the  Gloucester  Museum,  under  the  guidance  of  Mr.  Baldwin, 
who  has  contributed  to  its  geological  stores,  and  many  illustrations 
of  the  local  geology  here  attracted  the  attention  of  the  visitors. 
After  dining  together  at  Gloucester  the  train  was  taken  to  Chel- 
tenham. 

TEWKESBURY,    APPERLET,   WAINLODE    CLIFF. 

The  fourth  day  having  been  given  up  to  the  banks  of  the  Severn 
below  Gloucester,  tbe  fifth  was  occupied  by  visits  to  Tewkesbury, 
Apperley,  and  Wainlode  Cliff  on  the  river  above  that  city.  Leav- 
ing Cheltenham  early,  the  party  proceeded  by  carriage  along  the 
Tewkesbury  Road.  At  Coombe  Hill  a  good  section  of  the  Rhaetic 
or  Avicula  Contorta  Series  was  examined,  and  Dr.  Wright  explained 
his  reasons  for  preferring  the  latter  name,  originally  given  by  him 
to  these  beds  which  are  so  persistently  characterised  by  the  Avicula 
contorta,  both  in  this  country  and  abroad.  On  arriving  at  Tewkes- 
bury, the  Members  were  met  by  the  Rev.  W.  S.  Symonds,  tbo 
Director  for  tbis  day,  and  Sir  William  Guise,  Bart.,  the  President 
of  the  Cotteswold  Club. 

Before  leaving  the  town,  Tewkesbury  Abbey  was  visited  at 
the  invitation  of  the  Vicar,  who  read  an  interesting  paper  on 
the  history  and  archaeology  of  the  grand  old  pile,  in  which  many 
of  those  slain  in  the  sanguinary  and  decisive  battle  of  Tewkes- 
bury, including  the  Prince  of  Wales  and  the  Duke  of  Somerset, 
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Ke  buried.  Mr.  James  Parker  followed  with  a  learned  dis- 
conrse  on  the  fouDdation  of  the  church  by  Dodo  and  Odo,  the 
8axon  Dukes  of  Mercia,  in  the  eighth  century.  The  party  on 
leaving  the  Abbey  assembled  before  the  great  west  entrance,  when 
a  photograph  of  the  group  was  taken  for  publication,  as  a  memo- 
rial of  the  visit.  Mr.  Symonds  then  led  the  way  across  the 
"  Bloody  Meadow,"  the  scene  of  the  slaughter  of  4000  Englishmen, 
to  Tewkesbury  Park,  the  site  of  the  great -battle,  formed,  for  the  most 
part,  of  the  higher  level  gravels  of  the  Severn  Valley.  On  the  high 
ground  stands  tbe  mansion  of  Tewkesbury  Park,  and  here,  the 
focus  of  the  contest,  Mr.  Symonds  gave  an  eloquent  account  of 
the  Battle  of  Tewkesbury,  in  which  he  d^icted  most  vividly  the 
encounters  that  had  occurred  on  this  spot  in  1871.  The  old 
estuary  gravels,  containing  remains  of  existing  Mammalia,  slope 
down  to  the  alluvial  river  flats,  where  no  less  than  150  feet  thick- 
ness of  silt  has  been  found  without  any  such  remains  as  those  yielded 
by  the  gravels. 

A  pleasant  walk  through  the  river-side  meadows,  brought  in 
sight  the  ancient  church  of  Deerhurst,  where  Mr.  James  Parker 
again  gave  proof  of  his  archaeological  lore  by  a  most  interesting, 
as  well  as  most  learned  lecture  on  this  little  country  church,  re- 
specting the  origin  of  which  there  is  better  documentary  evidence 
than  for  that  of  any  other  of  Saxon  age.  Mr.  Parker  exhibited 
a  rubbing  of  the  dedication  stone,  of  the  date  1056,  which  states 
Odda  to  have  been  the  founder.  But  the  tomb  of  Hugh  Strickland, 
the  predecessor  of  Phillips  at  Oxford,  and  the  memorial  window 
erected  to  his  memory,  rendered  Deerhurst  church  specially  inter- 
esting to  its  geological  visitors,  who  thus  reminded  of  his  distin- 
guished though  brief  career,  left  Deerhurst  for  Apporley,  Strick- 
land's old  home.  Then  crossing  the  park  the  river  was  again 
reached,  and  a  short  walk  by  its  verdant  banks  terminated  at 
Wainlode  Cliff,  another  fine  section  of  the  Rhcetic  Series,  first 
examined  by  Strickland.  Dr.  Wright  and  Mr.  Symonds  des- 
cribed the  section,  in  which  the  Rhaetic  Black-shales  are  very  finely 
displayed.  The  shales  were  examined,  but  few  organisms  were 
found. 

Returning  to  Apperley  the  Members  were  received  at  Apperley 
Court  by  Miss  Strickland,  the  sister  of  the  distinguished  geo- 
logist, who  had  invited  the  party  to  dinner.  Apperley  Court 
commands  a  view  over  one  of  the  richest  portions  of  the  Yale 
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of  Severn,  and  stands  in  a  park  of  great  beanty.  After  dinner 
Mr.  Symonds  and  Dr.  Wright  spoke  of  the  teachings  of  what 
had  been  seen  daring  the  day,  and  the  associations  of  the 
house  in  which  so  many  geologists  were  then  assembled.  Sir 
William  Quise,  Mr.  Parker,  Mr.  John  Jones,  and  Mr.  Lobley  also 
addressed  the  assembly,  and  Miss  Strickland  expressed  the 
great  gratification  which  this  visit  of  the  Members  of  the  Geolo- 
gists' Association  ajGForded  her,  and  invited  her  guests  to  inspect 
the  collection  of  mammalian  remains  obtained  from  the  Severn 
Valley  gravels  by  her  brother.  This  interesting  visit  terminated 
by  very  cordial  thanks  being  given  to  the  hospitable  owner  of 
Apperley  Court,  when  her  guests  took  their  departure,  and  after 
a  rapid  drive  returned  to  their  hotel  at  Cheltenham. 

STROUD. 

On  the  succeeding  day,  the  last  day  of  the  Excursion,  only  a 
small  number  of  Members  returned  to  London,  visiting  en  route 
Stroud  and  its  neighbouring  hills  of  Oolite.  Those  who  did  so, 
however,  saw  to  advantage  the  deep  valleys  cut  through  the  Great 
and  Inferior  Oolites  which  characterise  this  part  of  Qloucestershire. 
Rodborough  Hill  of  Inferior  Oolite,  so  famous  for  its  abundant 
fossils,  and  the  Great  Oolite  quarries  on  Minchinhampton  Common 
were  examined,  and  yielded  a  large  number  of  fossils  to  the  vigor- 
ously-used hanmiers  of  the  party.  The  train  was  then  taken  for 
London,  and  the  week's  proceedings  tenninated. 


ORDINARY  MEETING. 

November  6th,  1874. 

Henry  Woodward,  Esq.,  F.R.S.,  F.G.S.,  &c..  President,  in  the 
Chair. 

The  following  Donations  were  announced  : — 

"  Quarterly  Journal  of  the  Geological  Society,"  Vol.  xxx..  Part 
8  ;  from  that  Society. 

<^  Abstracts  of  Proceedings  of  the  Geological  Society;"  from 
that  Society. 

"  Smithsonian  Report  for  1872  ;"  from  the  Smithsonian  In- 
stitution. 

"  Transactions  of  the  Edinburgh  Geological  Society,"  VoL  ii., 
Part  3 ;  from  that  Society. 
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''Transactions  of  the  Manchester  Qeological  Society,"  Vol.  xiii.. 
Part  5  ;  from  that  Society. 

"  Proceedings  of  the  Winchester  and  Hampshire  Scientific  and 
Literary  Society,"  Vol.  i.,  Part  3 ;  from  that  Society. 

"  Proceedings  of  the  Somersetshire  Archaeological  and  Natural 
History  Society/*  Vol.  xix.  (1873) ;  from  that  Society. 

*'  Proceedings  of  the  South  Wales  Institute  of  Engineers," 
Vol.  viii..  No.  6,  and  Vol.  ix..  No.  1 ;  from  that  Institute. 

"  Report  of  the  Bristol  Naturalists'   Society  "    (1874)  ;    from 

that  Society. 

''  Report  of  the  Leeds  Philosophical  and  Literary  Society," 
1873-4;  from  that  Society. 

"  Report  of  the  Warwickshire  Natural  History  Society,"  1874 ; 
from  that  Society. 

"  The  Linguist,"  Vol.  i.,  No.  1 ;  from  the  Editor. 

"  Notes  on  the  Geology  of  the  Neighbourhood  of  Wells,"  by  H. 
B.  Woodward,  Esq.,  F.Q.S.;  from  the  Author. 

*'  On  the  Causes  of  Art,  with  an  Outline  of  the  Origin  and 
Progress  of  Art,"  by  John  S.  Phen6,  F.G.S.,  &c. ;  from  the 
Aothor. 

The  following  were  elected  Members  of  the  Association  :— 
A.  C.  May  bury,  Esq.,  D.Sc. ;  and  Qeorge  Chiswell  Rowley,  Esq. 

The  President,  Henry  Woodward,  Esq.,  F.R.S.,  F.G.S.,  &c., 
then  delivered  the  Opening  Address  of  the  Session  1874-75.  (See 
page  1  of  the  present  volume.) 


ORDINARY   MEETING. 
December  4th,  1874. 


Hbhbt  Woodward,  Esq.,  F.R.S.,  F.G.S.,  &c..  President,  in  the 
Chair. 

The  following  Donations  were  announced  :— 

"  Quarterly  Journal  of  the  Geological  Society,"  Vol.  xxx.,  Part 
4  ;  from  that  Society. 

''Abstracts  of  Proceedings  of  the  Geological  Society;"  from 
that  Society. 
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''  List  of  Fellows  of  the  Geological  Society,"  1874 ;    from  tluit 
Society. 

"  Royal  Cornwall  Polytechnic  Society — Report  1873  ;"  from 
that  Society. 

"  Journal  of  the  Qnekett  Microscopical  Cluh,"  No.  27 ;  from 
that  Club. 

*^  Abstract  of  Proceedings  of  the  Liverpool  Geological  Society," 
1873-4  ;  from  that  Society. 

'<  Taylor's  Calendar  of  the  Meetings  of  the  Scientific  Bodies  of 
London  "  for  1874-5. 

"  Glossary  of  Fossil  Mammalia,"  by  J.  E.  Gore,  A  I.C.E., ; 
from  the  Author. 

"  On  the  Gault  of  Folkestone,"  by  F.  G.  H.  Price,  F.G.S. ; 
from  the  Author. 

^^  Notice  sur  la  Faune  Marine  dn  Terrain  honiller  da  Bassin 
Septentrional  de  la  France,"  par  M.  Charles  Barrois ;  from  the 
Author. 

'^  Catalogue  des  Poissons  Fossiles  du  Terrain  Cr^tac^,"^  par  M. 
Charles  Barrois ;  from  the  Author. 

*'  Etude  sur  le  Terrain  Cr6tac6,"  par  M.  Charles  Barrois  ;  from 
the  Author. 

The  following  were  elected  Members  of  the  Association  :— 
Stephen  Austin,  Esq. ;  Major  R.  Carey  Barnard,  F.L.8. ; 
Edward  Berry,  Esq.;  D.  C.  Dayies,  Esq.,  F.G.S. ;  Major  Francis 
Duncan,  M.A.,  D.C.L.,  LL.D.,  F.G.S.,  F.R.G.S.;  Miss  Emily 
Faust;  Miss  Jelley;  Julius  Maier,  Esq.,  M.D. ;  R.  H.  Pear- 
son, Esq.;  Rev.  M.  F.  W.  Ralph;  Rev.  S.  J.  W.  Sanders, 
M.A.,  L.L.M.,  F.G.S. ;  and  J.  J.  Harris  Teall,  Esq.,  B.A., 
F.G.S. 

The  following  Lecture  was  delivered  :— 

On    the   Conditions    which    Detbrminb   the   Prbsekcb    or 
Absence  of  Animal  Life  on  the  Deep  Sea  Bottom. 

By  Dr.  W.  B.  Carpenter,  F.R.S.,  F.L.S.,  F.G.S.,  Corresponding 
Member  of  the  Institute  of  France,  &c,,  &c. 

It  is,  of  course,  quite  unnecessary  for  me  to  point  oat  to  the 
Members  of  the  Geologist'  Association,  that  the  foundation  of  the 
whole  of  geological  science — that  is,  the  interpretation  of  the 
phenomena  presented  to  us  in  the  study  of  the  earth's  crust — ^mnat 
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be  based  upon  the  stndy  of  the  changes  at  present  going  on  upon 
the  aarface  of  the  earth,  of  coarse  including  the  depths  of  the  sea. 
This  may  be  considered  as  the  distinct  feature  of  modem  geology, 
when  it  is  compared  with  the  geology  of  £he  earlier  part  of  this 
eentury ;  and  I  think  it  will  be  generally  admitted  that  there  is  no 
one  who  has  done  more  to  place  the  science  upon  this  sound 
basis  than  Sir  Charles  Lyell.  I  do  not  say  that  he  stood  alone,  but 
I  think  that  it  will  be  generally  admitted  that  there  is  no  one  who 
bas  done  more  to  lead  or  to  direct  the  course  of  geological  inquiry 
in  this  truly  scientific  and  only  trustworthy  manner. 

Now,  until  recently,  the  knowledge  of  the  conditions  which 
preyail  oyer  the  deep  sea  bottom  has  been,  I  may  say,  almost 
nothing.  The  yery  depth  of  the  ocean,  not  many  years  ago— quite 
within  my  own  recollection — was  so  uncertainly  known  that  it 
might  be  regarded,  in  fact,*  as  not  known  at  all.  We  heard  of 
depths  of  six  or  eight  miles,  and  of  other  parts  of  the  ocean  as  un- 
fathomable. Now,  at  the  present  time,  we  are  confident  that  these 
statements  haye  no  satisfactory  foundation.  That  amount  of 
sounding  line  might  be  paid  out,  and  no  bottom  struck ;  but  it  did 
not  at  all  follow  that  the  sea  had  anything  like  the  depth  corres- 
ponding to  the  length  of  that  line.  The  American  surveyors, 
some  years  ago,  devised  a  new  method  of  sounding,  which  I 
must  not  stop  to  detail  to  you,  but  the  principle  of  which  is  now 
nniyersally  accepted.  It  is  one  which  so  far  avoids  the  errors 
of  the  older  method,  that  there  is  no  part  of  the  ocean  yet 
examined,  in  which  a  bottom  may  not  be  found,  with  a  con- 
siderable degree  of  certainty,  or,  at  least  approximation  to 
certainty,  as  to  the  depth  at  which  it  lies.  And  there  is  no 
trustworthy  sounding,  so  far  as  I  am  aware,  that  goes  beyond  the 
depth  of  about  four  miles  and  a  quarter.  You  may  have  heard 
of  a  recent  sounding  taken  in  the  Pacific,  towards  the  coast  of 
Japan,  in  which  a  far  greater  depth  than  this  was  recorded  ;  but 
I  utterly  distrust  that  statement.  The  sounding  was  taken  in  the 
line  of  a  strong  surface  current — the  Kuro  Siwo — the  Gulf 
Stream  of  the  Pacific,  as  it  is  sometimes  called — the  warm  current 
that  is  the  reflex  of  the  Equatorial  current  of  the  Pacific,  turned 
towards  the  north-east  by  the  coast  of  the  Philippine  Islands,  of 
China,  and  of  Japan  ;  and  knowing  the  difficulty  which 
Captain  Nares,  with  all  his  experience,  had  in  obtaining  a  trust- 
worthy sounding  through  the  Qulf  Stream,  I  feel  a  strong  convic- 
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tion  that,  unless  we  have  an  adequate  assurance  that  the 
method  employed  was  one  which  would  oyercome  that  difficulty, 
we  may  distrust  the  statement  that  a  depth  of  eight  miles  was 
obtained.* 

At  present,  then,  it  has  been  quite  clearly  ascertained  that  the 
general  depth  of  the  Atlantic  does  not  exceed  three  miles.  In 
some  places,  however,  it  sinks  deeper.  The  most  remarkable 
sounding  that  was  taken  in  the  "Challenger"  survey  of  the 
Atlantic,  was  one  which  gave  a  depth  of  3,800  fathoms ;  that  is 
about  4^  miles ;  and  this  was  apparently  in  a  deep  hole,  100  miles 
to  the  north  of  St.  Thomas's.  The  "  Challenger "  was  on  her 
way  from  .St.  Thomas's  to  Bermuda,  and  unexpectedly  came  npoif 
this  tremendous  depression.  Captain  Nares  was  very  confident, 
from  the  stillness  of  the  water,  and  the  circumstances  under  which 
the  sounding  was  taken,  that  it  was  a  'true  sounding ;  and  there 
was  one  very  curious  fact  that  proved  that  the  depth  was  very 
much  greater  than  that  which  had  been  previously  taken,  namely, 
that  the  two  thermometers  sent  down  were  both  crushed.  These 
thermometers  had  been  tested  with  8^  tons  on  the  square  inch, 
which  is  equivalent  to  that  of  water  of  2600  fathoms*  depth. 
The  pressure  to  which  they  were  subjected  would  be  about  4j 
tons  at  that  depth  of  3,800  fathoms ;  and  the  fact  that  they  were 
crushed,  you  see,  shows  that  they  had  gone  down  to  a  greater 
depth  than  that  to  which  they  were  tested.f 

Hence,  you  see,  it  has  only  been  comparatively  recently 
that  we  have  known  anything  about  the  real  depth  of  the  sea. 
And  it  is  only  still  more  recently,  that  we  have  known,  with 
accuracy  and  certainty,  the  temperature  of  the  sea  bottom. 
Various  observations  have  been  taken  in  different  voyages  upon 
this  point.  Everyone  interested  in  physical  or  geological  or 
biological  inquiry  knew  perfectly  well  that  this  was  a  subject  of 
very  considerable  importance  ;  but  unfortunately  the  greater 
number  of  observations  taken  upon  this  point  have  been  entirely 
untrustworthy,  in  consequence  of  allowance  not  having  been  made 
for  the  effects  of  pressure  upon  the  thermometers.     This  point,  I 

•  The  official  report  of  the  *'  Tnsoarora  "  Boandingfl,  which  has  sinoe  oome 
into  my  hands,  shows  that  depths  somewhat  exceeding  )Ci70  miles  were  foond  in 
this  position  bv  the  aso  of  Sir  William  Thomson's  sounding-wire. 

f  A  depth  01  abont  4.500  fahoms,  or  more  than  jive  mile$^  has  since  been  met 
with  by  the  "  Challenger  "  near  the  north  coast  of  New  Gninea.  In  this  last 
Boanding,  taken  with  a  hempen  line,  three  out  of  four  strongly  "  protected " 
thermometers  were  omBhed  by  the  tremendous  preasare. 


180  DR.  W.  B.  CARPENTER  ON  ANIMAL  LIFE 

its  temperature  in  a  non-conducting  wooden  yessel,  whilst  coming 
up  through  the  upper  warmer  strata.  According  to  a  formula, 
which  Biot,  the  celebrated  French  physicist,  deyisedi  a  certain 
reduction  from  the  actual  temperature  of  this  mass  of  water  was 
made  for  the  increase  of  heat  which  it  might  undergo  through 
being  brought  up  through  the  warmer  superstratum.  The  barrel, 
I  should  say,  had  two  valves,  both  opening  upwards.  It  was 
considered  that,  while  it  was  sinking,  the  water  would  stream  up 
from  below  through  the  valves.  Then  when  the  barrel  was  being 
hauled  up  again,  the  valves  would  be  closed  down  by  the  superin- 
cumbent pressure,  and  the  water  taken  in  at  the  bottom  would 
remain  in  the  cask,  and  would  be  brought  up  to  the  surface ;  thus 
bringing  up,  as  it  were,  the  temperature  of  the  deep  stratum,  with 
a  certain  amount  of  alteration  produced  by  the  water  having  to 
ascend  through  the  warmer  superstratum.  This  was  a  clumsy  and 
an  excessively  laborious  process,  because  the  hauling  up  of  a 
sufficiently  large  cask  from  such  a  depth  in  the  ocean  we  should 
have  thought  could  only  have  been  done  by  a  powerful  donkey 
engine ;  a)id  the  Russian  sailors  must  have  toiled  at  the  capstan  a 
great  many  hours  to  be  able  to  make  only  one  observation. 

Now  it  is  a  very  remarkable  circumstance  that  Lenz's  observa- 
tions gave  him  a  series  of  temperatures  which  correspond  very 
closely  indeed  with  those  obtained  in  the'*  Challenger ;"  and  they  are 
by  far  the  best  series  of  observations  which  were  made  antecedently 
to  the  "  Challenger  "  expedition— I  mean  in  the  great  oceans.  The 
general  conclusions  drawn  by  Lenz  were  published  only  in  a  little 
incidental  notice  in  the  ^  Bulletin  of  the  Academy  of  St.  Peters- 
burgh,"  which  I  believe  has  escaped  the  notice  of  other  scientific 
men  almost  entirely,  until  Professor  Prestwich  dug  it  out  ;  but 
these  conclusions  accord  so  precisely  with  those  to  which 
I  had  myself  been  led,  that  if  the  two  had  been  put  in  parallel 
columns,  it  might  have  been  almost  supposed  that  I  derived  my 
ideas  from  those  previously  put  forward  by  Lenz.  But  no  one 
whom  I  ever  spoke  to  on  the  subject,  gave  me  the  least  idea  that 
Lenz  had  previously  arrived  at  them.  No  physicist,  I  believe, 
either  in  France,  Germany,  or  Great  Britain,  was  at  aU  ac- 
quainted with  them ;  and  the  conclusions  which  I  myself  have 
drawn,  I  drew  entirely  from  the  observations  in  which  I  had 
myself  taken  part. 

I  must  come  at  once  to  these  conclusions,  without  detaining 
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jou  apon  the  mode  in  which  they  have  been  arrived  at.     The 
first  of  them  is  that  in  the  great  oceanic  area  communicating 
with  the  polar  basins,  there  is  a  flow  of  polar  water  from  each  polar 
area  towards  the  Equator.    This  has  been  most  clearly  worked  out 
in  the  case  of  the  Atlantic  basin,  which  has  a  communication,  as 
yon  well  know,  with  both  the  north  polar  and  the  south  polar  areas. 
But  the  communication  of  the  South  Atlantic  with  the  Antarctic 
area  is  perfectly  free  and  unrestricted  ;  there  is  nothing  whatever  to 
narrow  it  or  diminish  it.  On  the  other  hand,  the  communication  of 
the  North  Atlantic  with  the  Arctic  area  is  a  comparatively  limited 
one.   Yon  must  not  draw  your  ideas  on  this  point  from  a  Mercator's 
chart.  You  know  perfectly  that  in  a  Mercator's  chart  all  the  distances 
of  the  polar  portion  of  the  chart — both  the  north  and  the  south 
polar  portions — are  immensely  exaggerated.  You  should  draw  your 
conclusions  from  looking  cither  at  a  globe,  or  at  a  chart  of  the 
polar  portion  in  which  the  Pole  is  made  the  centre.     You  will 
there  see  that  the  communication  between  the  North  Polar  area  and 
the  North  Atlantic  is  really  a  very  narrow  one ;   the  only  com- 
munication of  any   breadth  being  that  between    Greenland    and 
Iceland,  and  that  is  much  narrower  than  you  would  judge  it  to  be 
in  looking  at  an  ordinary  map.     Between  Iceland  and  the  Faroe 
Islands  there  is  another  communication  ;  but,  though  the  map  does 
not  show  it,  the  hydrographer  knows  that  this  is  a  very  shallow 
one.     There   is   a    bank   running   from   the    Faroe  Islands,  and 
almost  touching  Iceland,  that  is  not  more  than  from  200  to  300 
fathoms  in  depth  ;  and  that  is  really  the  coast-line  of  the  deeper 
portion  of  the  polar  anja.      Between  the  Faroe  Islands  and  the 
north  of  Scotland,  there  is  a  narrow  channel,  which  was  the  first 
scene  of  our  explorations,  and  which  I  call  the  "Lightning  Channel." 
It  lies  between  the  Faroe  Islands  and  the  100  fathom  line  which  you 
will  see  marked  in  all  charts  of  the  British  Islands,  and  which  is 
the    boundary  of  that  remarkable  platform  upon  which  all   the 
British  Islands  are  situated.      If    the  whole     of  our  comer  of 
Europe  were  elevated  not  more  than  half  as  much  again  as  the 
height  of  Saint  Paul's — 600  feet — not  only  would  all  the  British 
Islands  be    brought  together,   but    the  land   would  be  extended 
considerably  to   the   north  and    west ;    the  North  Sea  would  bo 
almost  entirely  extinguished,  that  is  to  say,  it  would  become  dry 
land,  with  the  exception  of  a  deeper  channel  near  the  coast  of 
Norway ;    and  Great  Britain  would  be  united  with  Denmark,  with 
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Holland,  with   Belgium,  and  with  France,  the  British  CThannel 
heing  no  where  100  fathoms  deep. 

Now,  between  the  northward  extension  of  thb  100  fathom 
platform,  and  the  similar  elevation  which  forms  the  Faroe  Banks, 
there  is  a  channel  of  from  500  to  600  fathoms'  depth,  to  which  oar 
course  was  directed,  as  the  nearest  deep  water  that  was  to  he 
obtained  within  easy  reach  of  our  own  coast.  I  shall  presently 
state  to  you  the  remarkable  phenomena  which  that  channel 
presents.  This  is  one  of  the  feeders,  as  it  were,  of  glacial  water 
to  the  Atlantic ;  but  it  is  a  little  rill  in  comparison  with  the  great, 
vast  area  of  the  North  Atlantic.  I  have  no  doubt  whatever  that 
it  will  be  found,  if  the  Admiralty  will  take  means  to  ascertain  it 
in  the  intended  Arctic  Expedition,*  that  the  whole  of  the  lower 
portion  of  the  channel  between  Greenland  and  Iceland,  which 
extends  to  1,200  fathoms'  depth,  and  which  was  sounded  from  the 
"Bulldog"  some  years  ago,  when  Dr.  Wallich  went  out  with 
Sir  Leopold  McClintock,  gives  passage  to  a  flow  of  glacial  water — 
of  water  at  or  below  the  temperature  of  the  freezing  point  of 
fresh  water  (32^  Fahr.), — and.is  the  principal  feeder  of  the  cold 
stratum  which  extends  over  the  bottom  of  the  North  Atlantic. 
But  if  you  consider  how  narrow  is  that  channel  in  comparison 
with  the  great  broad  area  of  the  North  Atlantic,  you  will  perceive 
at  once  that  the  communication  between  the  North  Atlantic  and 
the  North  Polar  area,  or  Arctic  basin,  is  a  very  limited  one.  On 
the  other  hand,  the  conmiunication  between  the  South  Polar  area 
or  Antarctic  basin  and  the  South  Atlantic  is  perfectly  free. 

Now,  it  was  the  study  of  this  channel  which  first  led  me  to  the 
doctrine  which  I  have  since  advocated,  of  the  existence  of  two  flows 
in  the  great  oceanic  area,  which  are  quite  unrelated  to  any  sensible 
current.  I  put  out  of  view  altogether  the  Gulf  Stream,  or  any  other 
of  the  great  surface  currents.  The  Gulf  Stream — I  mean  the  tme 
Gulf  Stream  which  issues  from  the  Gulf  of  Mexico  through  the 
Florida  Channel — is  entirely  a  product  of  the  action  of  the  Trade 
Wind  on  the  equatorial  Atlantic,  driving  it  into  the  Carribean  Sea 
and  Gulf  of  Mexico,  and  then  forcing  on  the  current  through  the 
Florida  Channel  to  come  out  as  what  we  call  the  Gulf  Stream. 
That  has  a  certain  superficial  spread,  but  it  is  a  mere  surface  cnr- 

•  The  "  ValoronB,"  which  has  aoeompanied  the  "  Alert "  and  the  "  Discovery  " 
to  Disco  Island  as  a  store-ship,  is  charged  with  the  duty  of  carryinff  oat  on  her 
return  voyage  a  series  of  obserrations  on  the  Physical  and  Biologiciu  conditioni 
of  the  North  Atlantic— W.  B.  0. 
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Tent.  The  great  moyement  which  I  am  abont  to  describe  to  yon 
has  a  mach  greater  depth  and  a  much  greater  volume.  This  sur- 
face current  is,  in  fact,  when  you  look  at  it  in  sectional  area,  a 
mere  little  rill  in  comparison  with  the  immense  breadth  and  depth  of 
the  North  Atlantic ;  and  I  belieye  we  may  say  with  confidence  that 
the  tme  Gulf  8tream  dies  out  in  the  mid- Atlantic.  I  must  not  go 
into  this  question  farther ;  but  it  is  one  which  is  of  very  consider- 
able interest.  I  shall  have  the  pleasure  of  presenting  to  the 
Association  a  copy  of  a  paper  in  which  I  fully  discuss  this  sub- 
ject»  and,  therefore,  my  yiews  upon  it  will  be  accessible  to  the 
Members. 

We  found  in  the  '*  Lightning "  Channel,  that  there  was  a 
superficial  warm  stream,  and  a  deep  cold  stream;  and  that 
we  pass  from  one  to  the  other  within  about  50  fathoms, 
finding  a  most  marked  difference  of  temperature.  We  found,  for 
instance,  that  at  two  places  within  twenty  miles  of  each  other, 
the  bottom  had  13  or  14  degrees'  difference  in  temperature ;  for 
whflst  at  one  the  temperature  went  down  pretty  regularly  from 
about  52^  or  54^  at  the  surface  to  about  43^,  at  the  other,  it 
would  go  down  at  the  same  slow  rate  for  about  100  or  150 
fathoms,  and  then  would  descend  rapidly,  until  it  would  come 
down  to  32^,  or  even  30^,  at  the  yery  same  depth  at  which  we 
found  it  43^  elsewhere.  This  is  expressed  in  Fig.  I.,  in  which 
the  depths  are  indicated  by  the  vertical  lines,  and  the  degrees  of 
Fahrenheit's  thermometer  by  the  hortizontal  lines. 

Ton  will  see  here  that  in  No.  87,  starting  from  a  surface  tem- 
perature of  53^,  the  thermometer  went  down  at  100  fathoms 
to  about  47^^  and  then  remained  nearly  the  same  at  different 
successive  depths  down  to  about  500  fathoms,  where  it  fell  to 
45^;  between  this  and  777  fathoms  it  went  down  to  41°  ;  and  a 
further  descent  would  have  been  shown  if  the  thermometer  had 
gone  deeper.  On  the  other  hand,  in  No.  52,  taken  in  the  cold 
area,  falling  at  precisely  the  same  rate  in  the  upper  stratum,  and 
reaching  45°  at  200  fathoms,  it  sunk  down  rapidly  to  30°5  at  300 
fathoms,  and  showed  the  same  at  384  fathoms.  In  No.  64,  the  upper 
warm  stratum  was  cooler  and  thinner,  and  the  descent  of  the  ther- 
mometer more  gradual ;  it  showed  32°  at  300  fathoms,  30°  at  500, 
and  29°'5  at  640.  Now,  what  is  the  meaning  of  this  ?  It  can 
have  no  other  meanmg,  in  my  mind,  than  that  there  are  two  distinct 
movements  of  water.    Whenever  we  have  sudden  and  striking 
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■blifW  of  lcnip.r.lor,,  we  know  that  ll.re  ha  bem  . 
•l'«g«  of  .i.d.  W,  M  know,  for  insl.noo,  Ihnt  a  Dortborl, 
md  .«rtb.,„tert,  wind  t,i„g,  „  ,„,  ,„„p„.tnrci  and  if, 
«>  ft.  .H„  b,„d,  in  tlo  conrse  of  .  few  !,„„„  „,  h.^e 
■  ™«  of  10  or  15  d.gr.«,  of  tomporalnr.,  we  know  tlint  the 
"ij  mort  h.„  ehaiged,  .»,]  ha.  oomo  from  a  .ontherlj  .ourcc. 
Wl,  hm  .t  „  Mill  „„„  „rt.i„  ,i,h  „g,rf  u,  Ih.  movement  of 

J,U  ,1,  .'.'  ■;  '  '''"  ""'  S'*"''  ™»'  of  tli-  lind,  mnch 
f*I  Ho,  the  lowest  mean  winter  temperatnre  of  the  latitoiio,  conlj 
«f  1»«  come  from  a  northern  source.  I  shall  presenlly  show 
J"  1...  «o.h  hang.  npo„  that.      On  the  other  hand,  where  wo 

,  w,*.""!!!*'"""  '■'I''""  "■"  ""  «'«»»l  lomperatnre  of 
«•  l«.We,  Ih,  water  most  have  come  from  a  sonlhen,  .onrco 
'..    ""  '«  »•  '•"'".  I  '""k,  in  the  mind  of  anjone,  that  the,. 

•    ™,„  J<,w_th.t  this  snrfaco  How  wa.  coming  „p  from  the 

».  0.lf  stream.    I  shall  show  ,o„  that  there  i,  another  accomrl 

mi*-  lenorlh-east;  and.inperfectaceordanc.  with  thalderi. 
ImLI  '°"t:'-'""  «""«l"  of  this  cold  area  were  all  animals 
..KT;      '""''°'''  "'"'  I"1"<1— ".nal.  known  to  belong 

..Jcir  ""'"'l"'f"'=Eehinodennat.  generally,  Molln.ca 
»rt™  ,h  ^  r™  ""  "'■"•''  «'  "••  =«'■'  "«•■  There  was  one 
.."Ll  V  '  '^"  "'"■»•'<'"■».  ■"J  «.«t  "as  that  we  fonnd 
«».»««,?  '"""/"■"■»■•  ■"  »  P"'«"  »«."'■  Th, 
I"  ir«l  1  '"''''""  °'  <""  »"»  ■«".  "itli  "bicb  anjone  who 
«4  of  w? V'r  °"°  ''""  '■  '■™'li"-tli«  twelve-rayed  .tar- 
.  MJ,li..  ,  "  '"'■'""'  specimen  would  he  of  ahont  the  siie  of 
fi«   T..  '  ■'"•"'^  down  to  .boot  the  si^e  of  a  crown 

»  .ioM  7  °"''°"'  ""-"?•■'  ■'"■■■fi'l"  ™  "Iwarfed  down 
■•'•  jonn*  "''  ""'  "°"  P'"?""'""'     I'  ""S  not  that  those 

•nill_„  '  'f"""™"'  because  we  got  any  quantity  of  tbom,  all 
™7'™'"'8"' Ik"  I  have  described.    '^  ' 

mit,in„  1  "T*  ^'"''  "^*^'''  ^^^  influence  of  Temperature  in  deter- 
taU,  I  ~'"  °'  ""■  "■"»»•  Now,  th.  fauna  was  an  abun- 
fllit  £  °^  ""'  °"'°  "'■  '°''  »™PC'«'nro  of  under  Su" 

•  «a  not  prevent  an  abundance  of  animal  life.    Het«,  then,  ia 
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the  first  condition  I  hare  to  speak  of — that  temperatore  will 
determine  the  kind  of  animal  life ;  but  that  no  temperature 
we  know,  as  yet,  to  be  foond  on  the  sea  bottom,  is  so  far  ini- 
mical to  animal  life  as  to  prevent  its  existence.  Gold  may  dwarf 
the  fauna,  may  limit  the  yariety  and  nomber  of  its  forms ;  bat  I 
do  not  think  that,  as  long  as  sea  water  is  liquid,  there  will  be  any 
temperature  that  can  be  reached,  which  shall  not  be  consistent 
with  the  existence  of  animal  life. 

Now,  then,  with  regard  to  Pressure.  I  have  already  spoken  of 
the  tremendous  pressure  under  which  animals  must  liye,  because, 
of  course,  the  pressure  upon  animals  is  the  same  as  the  pressure 
upon  a  thermometer.  We  know  that  the  pressure  is  about  a  ton 
per  square  inch  for  every  800  fathoms  of  sea  water ;  a  column  of 
sea  water  one  inch  in  section,  and  800  fathoms  high— 4,800  feet- 
weighing  just  one  ton.  Every  animal,  then,  that  is  living  on  the 
sea  bottom  must  be  living  under  that  pressure ;  but  I  need  not 
explain  to  those  whom  I  may  presume  to  have  some  knowledge  of 
physics,  that  this  pressure,  being  equal  in  every  direction,  will  not 
in  the  least  degree  affect  any  vital  functions.  You  must  bear  in 
mind  that  water  is  almost  incompressible.  The  difference  between 
the  specific  gravity  of  bottom  water  under  three  miles'  pressure, 
and  that  of  surface  water,  will  not  be  equal  to  the  difference 
between  the  specific  gravity  of  sea  water  and  that  of  fresh  water, 
the  amount  of  compression  being  extremely  smalL  Now,  think 
of  how  this  pressure  jwill  act.  We  will  first  take  the  simplest 
idea  of  an  animal.  Let  us  suppose  a  globular  film— a  globular 
bag  of  the  most  delicate  possible  membrane ;  and  that  globular 
bag  has  a  hole  in  it  for  a  mouth,  with  tentacles  roimd  the  hole. 
That  is  just  the  simplest  form  of  an  animal  possessing  a  stomach. 
Now,  if  that  was  globular  at  the  surface  of  the  water,  it  would  be 
globular  under  any  pressure,  because,  whatever  the  pressure  out- 
side may  be,  the  pressure  inside  will  be  exactly  equal  to  it.  The 
animal  can  contract  and  expand  just  as  well  under  a  pressure  of 
three  tons  to  the  square  inch,  as  it  can  upon  the  surface.  The 
pressure  will  have  no  effect  in  modifying  its  conditions  ;  and  you 
may  judge  of  that  by  the  fact  that  we  ourselves  are  living  under 
a  tremendous  pressure,  which  very  few  people  realise.  A  man  of 
my  height,  for  instance,  will  have  an  atmospheric  pressure  of  some- 
where about  20  tons  upon  his  surface,  and  a  difference  of  the  baro- 
meter such  as  we  had  last  Saturday  will  exert  upon  him  a  difference 
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in  pressare  of  somewhere  about  two  tons ;  and  yet  in  what  a  perfect 
ignorance  we  are  left  of  this  change,  by  any  feeling  that  we  expo  • 
rience.  Yon  mnst  bear  in  mind  that  the  reason  why  a  human  bein;^ 
cannot  be  subjected  to  a  pressure  of  this  kind  under  water,  is 
simply  that  his  cayities  contain  air.  These  creatures  of  the  sea 
are  entirely  made  np  of  water  and  of  what  the  water  colltain^<. 
There  is  no  air  in  them,  except  the  air  in  solution  in  the  water. 
There  is  nothing  that  can  be  compressed.  If  we  go  down  and  sub- 
ject ourseWes  to  the  pressure  of  four  or  five  atmospheres,  it  is  the 
pressure  upon  the  air  in  our  chest  that  disturbs  the  circulation ; 
the  whole  of  its  conditions  being  altered  by  the  inclusion 
within  our  bodies  of  this  elastic  fluid — the  air.  Pressure,  there- 
fore, I  belie?e,  we  may  say,  has  no  direct  influence  on  animal  life. 
I  will  not  say  ^at  an  animal  suddenly  changed  from  one  pressare 
to  another — suddenly  carried  down,  for  instance,  from  the  surface 
to  a  depth  at  which  it  would  have  to  sustain  a  pressure  of 
three  tons  to  the  square  inch — might  not  be  in  some  degree 
deranged  or  disturbed ;  or  that  an  animal  quickly  brought  up  from 
that  depth  to  the  surface  might  not  be  somewhat  deranged 
or  disturbed  ;  still  the  animals  lived,  and  moved,  and  walked  about 
when  they  were  brought  np  from  these  great  depths.  And  if  l^e 
change  were  gradual,  I  believe  that  there  is  no  depth  at  which,  as 
a  mere  matter  of  pressure,  animals  might  not  exist.  But  you  will 
presently  see  that  there  are  some  other  considerations  which  enter 
into  this  question. 

If,  then,  depth  has  no  influence  as  regards  pressure,  if  temperature 
has  no  influence,  you  will  ask,  '^  What  has  an  influence  ?"  I  be- 
lieve, more  than  anything  else,  the  supply  of  Oxygen ;  and  I  will 
now  explain  to  you  the  conditions  under  which,  as  it  appears  to 
me,  the  deep  Ocean  is  placed,  in  contrast  with  the  conditions  of 
snch  an  Inland  Sea  as  the  Mediterranean. 

This  under-flow  of  polar  water  over  the  deep  sea  bottom,  of 
which  we  have  now  the  most  distinct  proof  from  temperature- 
observations,  has  been  sometimes  spoken  of  as  the  flow  of  polar 
currents.  Lenz,  I  believe,  first  put  forward  the  doctrine  that  it  is  a 
general  flow  extending  over  the  ocean-bottom,  not  limited  to  any 
particular  passage  or  area.  This  was  the  view  to  which  I  was 
myself  led — that  it  is  a  general  flow ;  and  that  there  will  conversely 
be  a  general  flow  of  the  upper  stratum  from  the  Equatorial  towards 
the  Polar  areas ;    and  it  seemed  to  me  that  this  would  depend 
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iipon,  or  be  maiDtained  constantly  by,  the  difference  of  specific 
gravity  produced  by  the  difference  of  temperature. 

You  must,  in  the  first  place^  bear  in  mind  that  sea  water  is 
quite  differently  circumstanced  from  fresh  water,  in  regard   to 
the  effect  of  temperature  upon  its  density.      Fresh  water,  as  you 
know  very  well,  contracts  down  to  40  degrees,  or  a))out  39^  de- 
grees, and  then  expands  again.     So  that  the  water  just  going  to 
freeze  at  32°  is  really  as  bulky  as  the  water  at  about  47°.     I  have 
sometimes  illustrated  it  in  this  way,  which  perhaps  some  present 
will  find  to  convey  a  more  distinct  idea  to  their  minds  than  the 
mere  statement  of  the  fact.      Suppose  you  have  what  we  may  call 
a  water-thermometer  and  a  mercurial  thermometer  side  by  side— 
a  tube  and  bulb  forming  each  ;  you  fill  the  bulbs  and  tubes  up  to 
a  certain  point,  and  you  note  that  point.      When  yon  immerse 
both  bulbs  in  a  freezing-mixture,  the  mercury  will  go  on  sinking 
and  sinking,  until  it  comes  down  to  the  point  which  yon  may  have 
previously  determined  to  correspond  with  the  freezing  point  of 
water,  viz.,  32®.      The  water  in  the  water-thermometer  will  sink 
and  sink  down  to  about  39^°,  but  then  it  will  rise  again.     While 
the  water  is  actually  getting  colder  in  the  tube,  it  will  rise  again, 
because  the  water,  in  cooling  below  39°,  is  also  expanding — 
becoming  more  bulky  ;    and  when  just  about  to  freeze,  it  will 
stand    where  it  stood  when  it   had  been   cooled  down  to  only 
about  47°.      But  eea-woXer  will  go  on,  like  mercury,  diminisliing 
in    bulk   down    to  its    own   freezing  point,    not    only  to    the 
freezing    point    of   fresh    water,    but  .down    to    the    freezing 
point  of  sea  water^  which  is  about  27°  if  the  water  is  agitated, 
or  25°  if  it  is  kept  perfectly  .still ;  and  it  is  just  before  it  freezes 
that  sea  water  has  the  greatest  density — that  is  to  say,  it  is  then 
the  smallest  in  bulk,  or  of  the  highest  specific  gravity.     Now,  then, 
you  at  once  see  that  if  it  has  increased  density  with  cold,  colder 
water  will,  bulk  for  bulk,  be  heavier  than  warmer.     A  column  of 
water  at,  we  will  say,  27°  will  be  considerably  heavier  than  an  equal 
column  of  water  at,  we  will  say,  50° ;  and,  therefore,  when  there  is 
free  communication  between  two  such  columns,  through  the  oceanic 
area,  since  the  polar  column  will  outweigh  the  equatorial  column, 
and  since  the  lateral  as  well  as  the  bottom  pressure  will  be  greater, 
there  will   be   a  lateral     outflow    at  the   bottom   of  the  polar 
area,  which  will  extend  itself  continuously  towards  the  equatorial 
area.    Theui  on  the  other  hand,  this  will  cause  a  lowering  of  the 
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'water  in  the  polar  area,  which  will  produce  an  indraught  towards 
it;  and  there  must,  therefore,  he  a  continual  flow  of  the  upper 
stratum  from  the  equatorial  towards  the  polar  area.  Further,  the 
cold  water  streaming  from  each  polar  area  towards  the  equatorial, 
and  there  meeting  the  polar  flow  from  the  other  end,  will  rise  up 
in  the  equatorial  area,  to  compensate  for  the  draughting  away  of 
the  upper  stratum,  and  will  thus  bring  cold  water  nearer  to  the 
Burface  under  the  Equator  than  it  is  anywhere  else,  except  where 
the  surface  is  itself  subjected  to  cold. 

In  some  lectures  which  I  gave  three  or  four  years  ago,  I 
illustrated  this  by  a  piece  of  apparatus  which  I  was  able  to  ob- 
tain at  the  Royal  Institution,  namely,  a  long  glass  trough  with 
glass  sides.  I  had  a  piece  of  ice  wedged  in  at  the  surface  of  one 
end  of  the  trough,  and  a  heated  plate  on  the  surface  of  the  water 
at  the  other  end.  Now,  what  is  the  effect?  As  soon  as  we  put  in 
some  coloured  liquid  at  the  cold  end  of  the  trough,  it  fell  down  to 
the  bottom ;  for  by  coming  into  contact  with  the  ice,  its  specific 
gravity  was  so  much  increased  that  it  at  once  sank  ;  it  then  crept 
along  the  bottom  towards  the  warm  or  equatorial  end,  and  it  came 
up  under  the  heated  plate.  Being  then  heated  by  contact  with  the 
plate,  it  went  on,  as  warm  surface-water,  from  the  equatorial  to  the 
polar  end  of  the  trough,  to  be  again  made  to  descend  by  cold.  You 
see  at  once  that  this  circulation  would  be  maintained  as  long  as  the 
opposition  of  temperatures  continues. 

Now,  I  further  reasoned  in  this  way.  If  this  be  true,  the 
bottom  temperature  of  the  South  Atlantic  will  be  lower  than  that 
of  the  North  Atlantic,  because  the  bottom  temperature  will  depend 
upon  the  amount  of  glacial  water  which  will  flow  along  the 
floor  of  the  great  ocean.  In  the  North  Atlantic,  that  amount 
is  limited  by  the  narrowness  and  comparative  restriction  of  the 
channels  which  I  have  described  to  you ;  while  in  the  South  Atlantic 
there  is  a  free  flow  from  the  Antarctic  area  into  the  South 
Atlantic.  You  may  therefore  imagine  the  interest  with  which  I 
looked  at  the  returns  of  the  "  Challenger'*  when  they  first  were  sent 
home  to  our  Admiralty.  I  found  precisely  what  I  expected. 
The  accompanying  section  (Fig.  2)  is  not  one  given  in  the  **  Chal- 
lenger "  report,  but  it  is  one  which  I  have  constructed  from  their 
report.  Their  sections  were  taken  in  a  sort  of  zigzag,  for  they 
passed  four  times  across  the  Atlantic. 

In  constructing  this  diagram,  I  selected  from  the  various  tem- 
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peratnre-abimdmgB  of  tKe  ^  Challenger,"  those  which  would  best 
combine  into  a  Une  passing  nearly  north  and  south,  from  88^  N. 
laty  ihrongh  22^  N.  lat.,  to  the  Equator,  and  thence  through  7"^ 
S.  laty  and  20^  B.  lat,  to  SS^  8.  lat. 

The  general  temperature  of  the  North  Atlantic  bottom  was  shown 
by  nmneioos  temperature-soundings  to  be  about  85^^  or  86^.  It 
was  nowhere  found  lower  than  that,  except  near  Halifax.  As 
they  went  north,  towards  the  Polar  channel,  they  got  down  to 
85^  ;  hot  they  also  got  down  to  85^  and  even  84^  as  they  approached 
the  Equator,  near  St.  Thomas's.  That  was  the  first  section  which  wo 
receiTedi  and  I  said  at  once  *^  There  is  the  influence  of  the  Antarctic 
flow."  I  quite  expected  that  the  Antarctic  flow  would  extend  to  tho 
north  of  the  Equator,  for  it  was  so  much  more  Toluminous  than  the 
Arctic  flow.  Then  when  we  got  the  South  Atlantic  sections,  I  saw  at 
once  that  my  surmise  had  been  perfectly  correct,  for  we  then  found 
that  under  the  Equator  we  got  the  lowest  temperature  that  we  any- 
where met  with,  viz.,  82*4.  The  sections  of  the  South  Atlantic  were 
taken  at  wide  interyals,  for  the  sea  was  yery  stormy  at  the  time 
they  croseed  it.  There  was  only  one  section  made  across  the  South 
Atlantioi  and  they  did  not  hit  upon  the  channel  which  brought  in 
that  water  at  82*4^.  There  was  no  other  section  which  was  much 
below  84^  or  88^^,  but  clearly,  of  course,  that  water  came  from  the 
Antarctic.  And  what  is  most  remarkable  is  the  line  of  85^,  which 
can  be  clearly  traced  in  the  South  Atlantic  across  the  Equator,  and 
then  gradually  slopes  down  in  the  North  Atlantic  till  you  lose  it 
altogether. 

Now  that)  I  think,  is  as  clear  an  indication  as  anything  can  be 
of  this  great  under-flow  of  Polar  water  in  the  Atlantic, — tho 
greater  mass  of  polar  water  coming  in  from  the  Antarctic  area, 
and  the  smaller  mass  of  polar  water  coming  from  the  Arctic 
area,  which  becomes  diluted,  as  it  were,  by  the  water  of  tho 
North  Atlantic  itself,  so  that  the  bottom  temperature  of  the 
North  Atlantic  is  higher,  by  about  8  degrees,  than  the  tempera- 
ture of  the  South  Atlantic. 

But  the  special  point  that  I  would  have  you  dwell  upon  is  this 
— that  the  isotherm  of  40  degrees  of  temperature  comes  nearer 
to  the  surface  under  the  Equator  than  it  does  anywhere  else.  At 
22°  N.  lat.,  the  line  of  40  degrees  lies  at  about  700  fathoms,  and 
in  88°  N.  lat.,  the  line  of  40  degrees  still  lies  at  650  fathoms. 
But  from  22°  N.  lat.  to  the  Equator  there  is  a  gradual  ascent  of 
this  line  of  40°,  till  under  the  Equator  it  cornea  to  withm  ^QQ 
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fathoms.  Qoing  down  800  fathomSy  from  a  snrface-temperatore 
of  75°,  you  actually  come  down  to  a  temperature  of  40°.  In  the 
6outh  Atlantic  the  line  of  40°,  though  lying  deeper  than  under 
the  Equator,  does  not  lie  so  deep  as  it  does  in  the  North  Atlantic ; 
and  that  it  does  not  lie  so  deep  there  is,  I  believe,  owing  to  the 
far  larger  mass  of  polar  water  which  comes  in  from  the  Antarctic 
area,  and  the  thinning  out  of  the  upper  warm  stratum  as  it  moves 
from  the  Equator  towards  the  South  Pole,  by  the  recession  of  its 
land-borders,  whilst  in  the  North  Atlantic,  by  the  approximation 
of  its  land-borders,  it  is  pressed  together  laterally,  and  is  therefore 
increased  in  thickness. 

Now,  you  at  once  see  why — on  the  doctrine  I  advocate — this  cold 
water  comes  nearer  to  the  surface  under  the  Equator.  It  is  because 
the  warm  surface  water  is  continually  being  draughted  off  towards 
each  Pole,  while  the  cold  water  is  rising  up  from  below. 

A  very  remarkable  confirmation  of  that  view  is  obtained  from 
comparison  of  specific  gravities.  The  density  of  surface  water 
increases  from  the  Polar  area  towards  the  Tropics ;  but  the  density 
of  the  bottom  water  remains  very  much  the  same  at  the  tropics  as 
at  the  polar  areas ;  and  that  is  just  what  you  would  expect  if  all 
this  bottom  water  comes  from  the  polar  area.  I  am  speaking  now 
of  salinity.  You  would  expect  that  the  bottom  water  should  have 
the  low  salinifcy  of  the  surface  water  of  the  poles.  And  so  it  has, 
we  may  say,  speaking  roughly^  when  the  specific  gravity  is  corrected 
for  temperature.  Of  course,  all  such  comparisons  are  made  with 
reference  to  a  uniform  temperature.  You  may  take  your  temperature 
to  be  what  you  please.  Reduce  it  to  32°,  or  have  it  at  60°,  or  any 
other  standard  you  like,  so  that  you  keep  the  same  standard.  Let 
us  say  that  the  specific  gravity  of  Polar  water  brought  to  the 
standard  of  temperature  is  1026.  Well,  the  specific  gravity  of  the 
surface  water,  in  consequence  of 'the  evaporation  to  which  it  is  sub- 
jected,— increasing,  of  course,  with  its  approximation  to  the  Equa- 
tor,— is  continually  augmenting,  we  will  say,  to  1027.  Putting 
aside  fractional  parts,  there  is  just  about  that  increase — ^from  1026 
to  1027.  But  the  salinity  of  the  bottom  water  remains  the  same  ; 
and  under  the  Tropics  you  bring  up  from  the  bottom  water  of  1026. 
You  will  ask.  How  is  it  that  this  underlies  ?  Why,  because  it  is 
heavier  in  consequence  of  its  low  temperature.  The  specific  gravity 
that  I  am  now  speaking  of  is  the  comparative  specific  gravity  of 
water  all  brought  to  the  same  temperature  ;  but  the  actual  specific 
gravity  of  the  bottom  water  b  greater^^  although  its  salinity  is  less. 
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the  redaction  of  its  temperatare  more  than  compensating  for  its  in- 
ferior salinity,  and  therefore  it  underlies  the  other. 

But  I  wish  now  to  impress  upon  you  the  carious  fact  that  as 
yon  pass  from  either  Tropic  towards  the  Equator  you  find  the 
speoific  gravity  of  the  surface-water  diminishing.  This  is  a  fact 
which  was  ohsenred  as  long  ago  as  Humboldt's  voyages  ;  and  the 
"Challenger"  has  found  that  the  salinity  of  the  surface-water 
under  the  Equator  corresponds  closely  with  that  of  the  bottom- 
water.  Thus  while  the  mean  of  eight  observations  between  Ber- 
muda and  St.  Thomas's  gave  1027*2  as  the  sp.  gr.  of  surface- 
water,  and  1026*3  as  the  sp.  gr.  of  bottom- water,  a  mean  of  seven- 
teen observations  on  surface-water  in  the  Equatorial  zone  gave  a 
sp.  gr.  of  1026*3,  whilst  eight  observations  on  bottom- water  gave 
a  mean  sp.  gr.  of  1026*1, — showing  that  the  salinity  of  surface- 
water  had  fallen  under  the  Equator  to  that  of  bottom  (polar)  water. 

Now,  taking  that  in  connection  with  the  influence  of  temperature 
I  think  you  will  see  very  clearly  that  the  facts  which  I  have  stated 
with  regard  to  temperature  at  once  explain  the  constant  rise  of 
bottom  water  under  the  Equator  towards  the  surface.  Lenz  was, 
to  a  certain  degree,  acquainted  with  these  facts;  and  adduced 
the  low  salinity  of  equatorial  surface  water  as  evidence  of  the  rise 
of  polar  water  from  the  bottom.  And  Lenz  pointed  out  from 
a  great  series  of  temperature  observations,  taken  at  from  200  to 
800  or  400  fathoms'  depth,  that  there  is  a  cold  band  of  water  under 
the  Equator,  colder  than  any  water  to  the  north  or  the  south  of  it ; 
and  upon  that  he  framed  a  theory  of  ocean  circulation,  precisely 
corresponding  to  that  to  which  my  own  observations  have  led  me, 
and  which  I  think  you  will  see  has  been  .entirely  confirmed  by  the 
result  of  the  "  Challenger"  survey  of  the  Atlantic. 

Now,  you  will  say,  "  What  has  this  to  do  with  animal  life  ?"  I 
believe  it  has  everything  to  do  with  it  ;  and  I  will  show  you  why. 
This  ocean  circulation  brings  every  drop  of  water  in  turn  to  the 
surface.  There  is  no  other  way  in  which  the  carbonic  acid  imparted 
by  animal  respiration  and  animal  decomposition  can  be  removed,  and 
oxygen  substituted,  than  the  aeration  of  the  water  at  the  surface. 
You  know  perfectly  well  that  even  in  our  shallow  aquariums  it  is 
necessary  to  have  a  constant  agitation  of  the  water  to  bring  the 
water  to  the  surface  and  expose  it  to  the  aerating  influence  of  the 
atmosphere  ;  and  the  best  provisions  are  those  by  which  water  is 
spirted  up,  a  continual  subdivision  of  it,  as  it  were,  being 
obtained  by  this  movement,  so  as  to  get  rid  of  the  carbonic  acid^ 
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and  to  allow  it  to  take  in  a  fresh  supply  of  oxygen.  We  made 
gas  analyses  of  the  bottom  water.  I  do  not  say  these  gaa  analyses 
were  made  in  a  manner  altogether  satisfactory.  They  were  made 
according  to  the  mode  laid  down  for  us  by  some  of  oar  best 
chemists.  The  water  was  boiled — subjected  to  prolonged  ebullition; 
the  gases  were  very  carefully  collected;  and  then  they  were  examined 
chemically,  and  the  percentages  pretty  accurately  determined.  The 
source  of  error  lies  in  the  extreme  tenacity  which  sea  water  has  for 
carbonic  acid,  but  still  the  quantity  retained  would  be  pretty  con- 
stant; and  therefore  we  may  say  that,  if  the  proportions  that 
were  got  did  not  absolutely  represent  the  percentages,  yet  the 
differences  tbat  I  am  about  to  state  were  just  as  good,  and  just  as 
important  and  significant,  as  if  we  had  obtained  the  actual  percent- 
ages ;  just  iu  the  same  manner  as  our  first  series  of  thermometric 
observations  made  with  unprotected  thermometers,  which  showed 
a  difference  of  13  degrees  between  the  warm  and  the  cold  areas 
at  corresponding  depths,  were  just  as  good  as  later  obserrations, 
although  in  the  first  case  our  actual  temperatures  were  not  accu- 
rate. We  found  in  the  subsequent  years  with  our  protected  ther- 
mometers exactly  the  same  differences  of  temperature,  but  our  pro- 
tected thermometers  carried  down  the  temperature  about  3  degrees 
lower.  So  here,  if  we  did  not  get  all  the  carbonic  acid,  we  still  got 
all  that  could  be  obtained  by  boiling  the  water ;  and  what  remained 
was  a  certain  fixed  or  constant  quantity. 

Now  it  is  yery  remarkable  that  marine  animals  can  live  and 
move  and  have  their  being  in  an  atmosphere  containing  40  or  45  per 
cent,  of  carbonic  acid.  I  have  my  doubts  whether  this  carbonic  add 
does  not  exist  in  a  liquid  state  diffused  through  the  water,  rather 
than  in  the  gaseous  state  in  which,  as  we  know,  it  exerts  its 
most  prejudicial  influence  upon  animal  life.  But  still  we  had  from 
16  to  20  per  cent,  of  oxygen  ;  and  as  long  as  we  had  that  amount 
of  oxygen,  the  aniraals,  I  believe,  got  what  they  most  wanted. 
That  was  our  experience  in  all  our  own  observations  upon  the 
gases  of  the  deep  sea  area, — a  series  of  observations  taken  off  the 
coast  of  Ireland  and  the  coast  of  Scotland,  going  down  to  depths 
of  over  2,000  fathoms  in  some  parts. 

Now,  when  I  went  to  the  Mediterranean,  I  found  an  entirely: 
different  set  of  conditions.  Knowing  that  the  bottom  temperature 
would  probably  be  considerably  higher,  I  fully  expected  to  find  a 
Tertiary  fauna.  We  had  previously,  as  you  know,  obtained  a 
number  of  forms  of  animals  corresponding  to  those  of  the  Chalk. 
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The  Olobigetinw  we  got  up  by  the  ton, — Glohigertna  mnd  whicb, 
when  dried,  could  not  be  distinguished  from  chalk ;  and  this  con- 
tained siliceous  sponges,  which  remind  every  geologist  of  the  yen- 
triculites  of  the  Chalk,  and  a  great  many  other  Cretaceous  forms. 
Cioing  through  the  Mediterranean,  which  we  knew  to  be  a  sea  of  the 
Tertiary  period,  I  expected  to  find  a  Tertiary  fauna  over  the  whole 
of  its  bottom  ;  and  what  was  my   disappointment — I  say   '^  my " 
because  my  friend   Dr.  Wyville  Thompson  could  not  accompany 
me  on  this  cruise — what  was  my  disappointment  at  bringing  up  a 
▼iscid  mud  not  containing  animals  at  all.     We  devoted  a  great  deal 
of  time  and  labour,  and  did  not  get  even  any  minute  Foraminifera. 
Taking  this  mud  between  our  fingers,  and  working  it,  I  found 
scarcely  anything  but  fine  impalpable  particles  that  gave  no  in- 
dication of  organic  forms.     A  few  little  fragments  we  found  now 
and  then,  very  few  indeed,  and  very  small ;  but  excepting  near  the 
6trait  of  Gibraltar,  we  got  no  living  animals — I  am  speaking  of 
tbe  depths  of  the  Mediterranean — save  in  shallow  water.    Now,  the 
Mediterranean  goes  down  in  its  western  basin  to  1600  fathoms,  and 
in  its  eastern  basin  to  2000  fathoms,  between  Malta  and  Crete,  for 
instance,  and  this  depth  extends  a  good  way  towards  the  Levant. 
The  bottom  temperature  of  the  Mediterranean  is  uniform,  or  very 
nearly  uniform,  from  54**  to  56°.     And  here,  you  see,  is  a  marked 
contrast  between  the  thermal  condition  of  the  Mediterranean,  a 
sea  almost  as  deep  as  the  Atlantic,  and  that  of  the  Atlantic  itself. 
Now,  what  is  the  reason  of  this  ?    It  is  because  this  extraordinarily 
deep  basin  of  the  Mediterranean  is  cut  off  from  the  Atlantic  by  a 
shallow  channel.     If  the  Mediterranean  area  were  elevated  only 
200  fathoms — 1200  feet — it  would  be  converted  into  two  extremely 
deep  lakes,  inland  seas,  like  the  Caspian.    It  would  be  cut  off  entirely 
from  the  Atlantic  at  the  western  embouchure  of  the   Strait  of 
Gibraltar,  the  ridge  line  between  Cape  Spartel  and  Cape  Tra- 
falgar; and  the  two  basins  would  be  separated  by  the  bank  which 
connects  Sicily  and  the  coast  of  Tunis.     Still  these  basins  would 
be  of  immense  depth.     Deduct  200  fathoms  from  1600  fathoms, 
and  it  leaves  1400.     Deduct  200  from  2000,  and  it  leaves   1800. 
Neither   area  would  be  much  diminished  by  this  elevation,  be- 
cause there  is  water  of  200  fathoms'  depth  at  a  very  small  distance 
from  land,  on  almost  every  part  of  this  basin.     What  is  the  reason 
of  this  curious  difference  of  temperature  ?     Why,  simply  because 
the  Mediterranean  is  cut  off   entirely  from  the  influence  of  the 
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polar  underflow.  Off  Lisbon  this  underflow,  taking  the  temperature 
of  40°  as  its  limit,  lies  at  a  depth  of  more  than  700  fathoms. 

Comparing  the  thermal  condition  of  the  Mediterranean  with  that 
of  the  Atlantic,  we  find  that  whilst  the  surface-temperature  of  the 
Atlantic  under  the  same  parallels  ranges  in  summer  between  66® 
and  70°,  that  of  the  Mediterranean  ranges  between  70°  and  80®. 
At  the  first  hundred  fathoms  there  is  a  drop  down  to  55°;  but  from 
this  to  the  bottom,  at  whatever  depth,  there  is  no  change  at  alL 
Below  a  stratum  which  is  variable  in  temperature,  the  whole  mass 
of  the  water  is  uniform  in  temperature;  and  this  ranges  down  to 
64°,  65°,  or  66°,  according  to  the  latitude,  being  56°  in  the  eastern 
basin,  65°  about  Malta,  and  54°  towards  Gibraltar. 

We  find  this  to  agree  with  the  mean  winter  temperature,  or 
the  isocheimal  of  the  latitude ;  which,  as  shown  by  observations 
made  at  different  points,  gives  64°,  55®,  and  56°  along  that 
area  of  tlie  Mediterranean.  In  the  winter,  the  temperature  fiom 
the  surface  to  the  bottom  is  equal :  I  do  not  mean  to  say  within 
a  degree,  but  close  upon  that.  As  soon  as  the  atmosphere  be- 
comes warmer,  the  sun  has  more  power.  It  shines  upon  the  sur- 
face, and  raises  the  temperature  of  the  superficial  layer,  thereby 
producing  increased  evaporation.  This  evaporation,  by  rendering 
the  superficial  film  more  saline,  increases  its  specific  gravity  ;  and  it 
sinks  down  until  its  increased  salinity  is  lost  by  diffusing  itself 
through  the  water  below.  Practically  we  find  that  the  surface  heat 
is  almost  entirely  limited  to  the  first  60  fathoms ;  a  little  goes 
down  to  100;  and  in  the  eastern  basin,  where  the  powerful  action 
of  the  sun  continues  longer,  I  could  trace  it  down  to  200  fathoms  ; 
but  the  most  powerful  action  is  on  the  first  60  fathoms  of  the  sur- 
face ;  and  we  may  say  practically  that  it  scarcely  reaches  100  ; 
and  that  from  100  fathoms  downwards  there  is  no  difference  in  tem- 
perature whatever. 

Now,  then,  what  effect  will  this  produce  ?  Why,  that  the  whole 
of  the  lower  portion  of  the  Mediterranean,  below  the  influence  of 
the  Gibraltar  current,  which  is  limited  to,  we  will  say,  100 
fathoms,  is  a  stagnant  pool.  This,  I  take  it,  is  the  explanation  of 
the  absence  of  animal  life  upon  the  Mediterranean  bottom.  In 
my  first  year  I  was  rather  disposed  to  think  it  was  the  deposit  of 
fine  mud ;  and  I  do  not  say  that  this  has  not  an  influence.  I 
found,  as  I  mentioned  to  you,  over  the  whole  of  the  deep  bottom 
of  the  Mediterranean,  a  deposit  of  fine  mud  gradually  settling 
down,  the  particles  being  so  fine  that  they  would  pass  through  the 
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ordinary  filtering  paper.    When  I  wanted  to  clear  the  specimens 
of  bottom  water  for  the  determination  of  the  salinity,  I  found  it 
diffienlt  to  do  so.     I  had  to  pass  the  water  through  the  filter  three 
or  fonr  times  till  the  pores  of  the  paper  became  clogged,  so  that  it 
should  stop  these  very  fine  particles,  and  allow  the  water  to  go 
through  clear.     That  gives  you  an  idea  of  the  extreme  fineness  of 
this  sediment,  slowly,  slowly  settling  down  upon  the  bottom  of  the 
Mediterranean.     Now,  where  does  this  come  from  ?     A  portion  is, 
no  doubt,  the  result  of  the  attrition  of  the  waves  upon  the  soft 
Tertiary  strata  which  form  the  greater  part  of  the  shores  of  the 
Mediterranean  ;'  but  the  greater  part,  I  believe,  is  the  clay  brought 
down  by  the  two  great  rivers,  the  Rhone  on  the  western  basin,  and 
the  Nile  on  the  east.     The  coarse  particles  brought  down  by  these 
livers  are  deposited  near  their  mouths;  but  the  fine  particles,  being 
suspended  for  a  much  longer  period,  are  dispersed  by  surface-cur- 
rents over  the  entire  area,  imd  gradually  settle  down  to  the  bottom. 
This,  no  doubt,  would  be  inimical  to  the  presence  of  animal  life. 
Those  of  you  who  have  read  Mr.  Dana's  book  on  Clorals,  will  re- 
member that  he  mentions  that  where  clay  is  brought  down  by  a 
river,  and  deposited  on  a  coral  bed,  it  kills  the  coral.     And  I  be- 
lieve that,  generally  speaking,  this  is  found  to  be  the  case  with  re- 
gard to  most  forms  of  animal  life,  especially  bivalve  Mollnsca.    The 
fine  mud,  settling  down  upon  their  gills,  clogs  their  filaments  ;    so 
that  they  will  not  thrive  in  places  where  there  is  much  of  this  silt 
deposited  upon  them. 

But  on  thinking  over  the  general  application  of  this  doctrine 
of  thermal  circulation  to  the  case  of  the  Mediterranean,  I  saw 
that  there  could  be  no  thermal  circulation  in  a  sea  in  wbich 
the  temperature  is  uniform  from  the  top  to  the  bottom,  with  only 
this  exception,  that  the  surface  layer  is  heated  during  the  summer 
and  cooled  during  the  winter.  There  will  be  nothing  to  send  the 
cold  water  to  the  bottom,  and  there  will  be  nothing  to  send  the 
wann  water  to  the  top.  In  the  next  year,  when  I  visited  the 
Mediterranean  again,  I  took  out  with  me  apparatus  for  gas 
analysis ;  and,  though  not  very  proficient  in  such  work,  I  was 
able  still  to  make  comparative  experiments  that  were  sufficiently 
satisfactory,  for  I  found  that  the  proportion  of  carbonic  acid, 
instead  of  being  from  40  to  45  per  cent,  was  from  60  to  65  per 
cent. ;  and  the  proportion  of  oxygen,  instead  of  being  from  16  to 
20  per  cent.,  was  only  about  5  per  cent.  The  nitrogen  was  about 
the  same  as  in  the  ocean. 
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Yoa  will  see  at  once  why  this  should  be.  The  rirers  bring  down 
with  the  clay  a  large  quantity  of  organic  matter,  and  that  organic 
matter  uses  up  the  oxygen  and  converts  it  into  carbonic  add  ;  and 
in  this  manner  the  deep  water  of  the  Mediterranean  beccmK^s 
loaded  with  carbonic  acid,  and  is  correspondingly  depriyed  of  its 
oxygen.  You  will,  therefore,  I  think,  see  at  once  why  there 
must  be  a  deficiency  of  animal  life  upon  the  bottom  of  this  dcM'p 
sea,  and  how  it  is  that  this  general  oceanic  circulation  of  which  I 
have  spoken  has  an  important  influence — the  most  important,  in 
my  mind — in  maintaining  organic  life  upon  the  bottom.  I  was 
going  to  say  to  any  depth ;  but  I  have  been  readingonly  this  after- 
noon a  paper  by  my  friend  Professor  Wyville  Thomson — the  la>t 
communication  he  has  made  to  the  Royal  Society— which  gives 
a  most  curious  qualification  to  that.  It  will  appear  that  below  a 
certain  depth — about  2,200  fathoms,  or  it  may  be  a  little  lower 
than  that — there  is  a  solrent  power.  I  do  not  say  that  this  is  yet 
proved,  but  this  is  his  belief  from  the  character  of  the  bottom  nt 
that  great  depth.  Mr.  Borby  has  shown  us  how  mechanical 
pressure  will  influence  the  solvent  power  of  water.  It  is  thought 
that  at  that  great  depth  the  water  has  a  solvent  power  for  tlie 
shells  of  Globigerince,  no  mass  of  Glohigerina  shells  being  found 
below  a  certain  depth ;  but,  on  the  other  hand,  there  is  first  a 
grey  ooze,  and  then  there  is  a  red  ooze  corresponding  to  greater 
depths.  The  grey  ooze  is  at  a  greater  depth  than  the  Olobi- 
gerina  mud,  and  the  red  ooze  is  at  a  greater  depth  than  the  grey 
ooze ;  and  it  is  Professor  Thomson's  belief  that  this  solvent 
power  of  sea  water  at  great  depths  causes  it  to  act  upon  all 
organisms  having  calcareous  matter  as  their  skeletons,  and  that 
it  may  act  also  upon  siliceous  skeletons  ;  but  he  believes,  at 
any  rate,  that  pressure  does  produce  an  influence  upon  animal  life, 
not  on  account  of  any  direct  influence,  but  through  its  solvent 
power  for  calcareous  matter. 

There  is  another  interesting  observation  contained  in  the  same 
paper,  which  shows  how  extremely  important  all  this  careful 
examination  of  the  sea  bottom  is  to  geologists.  You  know  very 
well,  no  doubt,  that  Professor  Ehrenberg  first  brought  into  view 
some  years  ago  the  fact  that  the  green  sands  which  occur  in 
various  geological  formations  mainly  consist  of  the  internal  casts 
of  Foraminifera ;  the  body  having  been  replaced  by  a  deposit  of 
silicates,  and  the  shell  having  been  subsequently  dissolved  away.  It 
was  first  ascertained  by  the  late  Professor  Baileyi  of  the  United 
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States,  that  that  yery  process  is  going  on  at  the  present  time. 
He  found  in  Foraminifera  dredged  up  in  the  Galf  of  Mexico 
exactly  the  same  thing — ^that  the  cavities  were  occupied  by 
glaoconite,  or  some  other  green  or  ochreous  silicate.  In  conse- 
qnence  of  these  observations,  my  friends,  Professor  Rupert  Jones, 
and  Mr.  Parker,  who  had  in  their  possession  the  dredgings  of  the 
late  Professor  Jnkes  upon  the  Anstralian  coast,  put  these  into 
acid,  dissolved  away  the  shell,  and  got  out  a  series  of  the  most 
wonderfolly  beautiful  casts,  which  furnished  the  foundation  of  my 
own  interpretation  of  the  structure  of  Eozoon  ;  because  I  look  upon 
the  peculiar  structure  of  Eoz6on  as  being  due  to  a  change  of  pre- 
ciaely  the  same  character,  namely,  the  replacement  of  its  sarcodic 
body  by  a  green  jBilicate,  usually  serpentine — a  silicate  of  magnesia. 
Now,  I  have  obtained  similar  casts  from  elsewhere.  The  dredg- 
ings of  Captain  Bpratt  from  the  ^gean  gave  me  a  series  of  most 
beautiful  casts,  of  a  smaller  size  than  those  of  Professor  Jukes, 
bot  equally  perfect.  The  observations  recently  made  in  the 
^'  Challenger "  show  that  all  along  the  line  of  the  Agulhas  cur- 
rent there  is  a  green  sand  covering  the  bottom.  Now,  as  Professor 
W.  Thomson  says,  we  should  simply  have  noted  this  as  green  sand, 
if  we  had  not  had  in  our  mind  the  observations  of  Professor  Ehren- 
beig.  Looking  at  this  green  sand  with  a  microscope,  we  are  able 
at  once  to  recognise  the  grains  as  almost  entirely  the  internal  casts 
of  Foraminifera.  The  question  arises,  however,  how  the  shells  were 
got  rid  of;  you  will  see  at  once  how  it  is,  if  they  have  lain  on  a 
bottom  deep  enough,  supposing  this  doctrine  is  true.  It  will  have 
to  be  tested ;  and  I  think  the  proper  test  will  be  to  subject  cal- 
careous organisms  to  the  pressure  of  the  same  hydraulic  press 
which  we  have  used  for  testing  our  thermometers,  and  to  see 
whether  sea  water  under  this  pressure  will  dissolve  all  calcareous 
atmctures.  If  it  should  do  so,  you  at  once  sec  how  these  green 
sands  have  been  formed.  A  process  of  chemical  substitution — a 
process  which  I  do  not  pretend  to  explain,  but  which  all  my 
iriends  amongst  the  most  able  chemists  of  this  country  agree 
with  me  in  regarding  in  that  light, —  during  the  decay  of 
the  body  of  the  animal,  has  effected  a  replacement,  particle  by 
particle,  of  the  organic  sarcode  by  these  silicates.  When  that 
change  has  filled  the  chambers  of  these  Foraminifera  with  these 
silicates,  and  the  shells  have  been  dissolved  away  by  the 
solvent  power  of  sea  water  under  this  tremendous  pressure, 
tlieire  you  hare  the  green  sand*    If  this  view  should  be  boraQ  Q\it 


200  DR.  W.  B.  CARPENTBB  ON  ANIMAL  LIFB 

by  experiment — and  I  think  it  is  experiment  that  is  to  determine 
it,  and  the  experiment  is  tolerably  easily  made— I  think  yon  will 
say  that  this  is  one  of  the  most  beautifal  applications  of  this  kind  of 
research  to  the  explanation  of  geological  phenomena  that  has  eyer 
been  brought  forward. 

I  have  to  apologise  for  haying  trespassed  so  long  upon  the 
time  of  this  Association,  bat  I  do  not  think  that  I  haye  said  any- 
thing that  can  be  regarded  as  snperfluons ;  and  it  is  difficnlt  to 
convey  a  general  doctrine  of  this  kind,  without  laying  one's  founda- 
tion sufficiently  over  the  whole  area,  as  it  were,  that  has  to  be 
covered.  I  might  have  gone  into  the  history ;  I  might  have 
spent  a  good  deal  of  time  in  telling  you  of  my  old  friend  Edward 
Forbes ;  but  I  must  notice  the  one  curious  fact — the  limitation  to 
800  fathoms  which  Forbes's  work  on  the  ^gean  brought  out, 
and  which  was  supposed  for  a  long  time  to  dominate  the  life 
of  the  Ocean,  is  perfectly  true  of  the  ^gean.  It  is  perfectly 
true  of  the  whole  of  the  Mediterranean  in  shallow  water  down 
to  250  fathoms.  In  our  own  researches  we  obtained  exactly 
what  Edward  Forbes  obtained — an  abundant  life  in  the  littoral 
zone,  a  zone  within  50  fathoms ;  a  diminishing  life  down  to  100 
fathoms ;  a  rapidly  diminishing  life  from  that  down  to  250 
fathoms ;  and  then  a  zero.  Excepting  for  the  vegetable  Nullipore^ 
which  used  to  be  called  coralline,  I  should  fix  the  zero,  or  the 
limit  of  life,  in  the  Mediterranean  at  250  fathoms ;  but  then  you 
will  bear  in  mind  that  that  limit,  if  my  view  is  correct,  is  not  a 
limit  of  pressure,  or  a  limit  of  heat,  or  a  limit  even  of  food 
(though  circulation  will  of  course  have  the  same  effect  in  carrying 
down  food,  as  in  carrying  down  oxygen  ;  it  will  carry  down  the 
surface  food,  that  is,  the  organic  matter  which  is  produced  by 
surface  vegetation) :  the  limit  is  mainly  the  limit  of  oxy- 
genation. The  thermal  circulation  is  essential  to  the  mainte- 
nance of  oxygenation;  and  therefore  the  condition  of  an  inland 
sea  cut  off  from  the  great  oceanic  area  is  altogether  different  from 
that  of  the  oceanic  area ;  and  any  deposit  that  is  being  formed  in 
an  inland  sea  we  may  expect  to  be  without  any  fossils,  excepting 
those  which  represent  the  animal  life  of  its  shallower  portions. 

I  may  mention  a  confirmation  of  this  view,  which  I  have  myself 
met  with.  You  know  that  Malta  is  chiefly  a  calcareous  forma- 
tion— Middle  Tertiary ;  a  good  deal  of  it — I  believe  most  of  it- 
Miocene  and  later ;  but  it  is  almost  entirely  calcareous.  Some  of 
the  caloareoas  beds  contain  quantities  of  fossils — Echinodepoatay 
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Mollosca,  Corals — and  these  in  a  beautifnl  state  of  preservation. 
These  beds  are  generally  rather  coarse.  On  the  other  hand, 
there  are  beds  of  very  fine  texture  —  texture  so  fine  that  it 
corresponds  very  closely  indeed  with  the  fine  calcareous  mud 
which  I  dredged  up  where  it  is  least  clayey.  I  could  see  at 
once  that  this  fine  mud  varied  a  great  deal  in  its  composition ; 
and  on  testing  it  with  acids  I  could  prove  it  at  once.  In 
some  parts  it  was  chiefiy  calcareous  ;  in  other  parts  it  was 
aluminous— clayey.  The  very  fine  sandstone  of  Malta  corresponds 
closely  with  the  finest  calcareous  deposit  of  the  Mediterranean. 
Now,  this  stone  is  used  a  good  deal  *  for  building  ;  but  the  finest 
beds  of  it,  which  occur  in  the  island  of  Gozo,  are  used  by  the 
carvers  who  make  the  beautiful  carvings  that  I  dare  say  many  of 
you  have  seen  in  this  extremely  fine  "sandstone,**  as  they  call  it, 
I  asked  the  man  who  makes  the  largest  carvings  in  Valetta, 
"Do  you  find  any  fossils  in  this  stone?**  **  No,  sir,*'  he  said, 
"  nothing  but  sharks*  teeth.*'  I  repeated  the  inquiry  when  I  went 
the  second  time,  the  significance  of  this  having  occurred  to  me 
more  strikingly.  I  got  all  the  information  I  could  from  all 
those  who  had  paid  any  attention  to  the  geology  of  the  island, 
and  I  received  precisely  the  same  answer'— that  the  fossils  are 
found  in  the  comparatively  coarse  beds  which  are,  I  believe,  the 
shallow  water  beds,  and  that  this  bed  which  is  composed  of  the  ex- 
cessively fine  "  sandstone,"  as  it  is  still  called,  though  chiefly  a  cal- 
careous deposit,  contains  no  fossils  but  sharks*  teeth.  Now,  of  that 
you  at  once  see  the  rationale.  There  is  no  life  on  the  deep  sea 
bottom,  on  which  the  finest  particles  slowly  subside,  and  there  are 
no  fossils  but  those  which  would  drop  into  it  from  above. 

Now,  of  course,  this  vi^w,  if  it  is  taken  up  by  geologists,  will 
have  a  most  important  influence  upon  geological  inquiry,  especially 
in  its  bearing  upon  a  doctrine  which  my  friend  Professor  Ramsay  is 
"well  known  to  advocate.  Certainly  the  extraordinary  paucity  of 
fossils  in  a  very  considerable  number  of  strata,  especially  the  Red 
Sandstones  of  inland  seas — at  least  in  many  parts  of  those  beds — 
does  seem  to  correspond  very  closely  with  the  facts  which  I  have 
stated  to  you  as  to  the  absence  of  animal  life  upon  the  Mediter- 
ranean bottom.  Of  course  everything  will  turn  upon  the  depth  of 
the  communication  between  the  inland  sea  and  the  ocean — whether 
the  inland  sea  has  any  communication  at  all,  and  whether  such 
communication  is  one  of  any  depth.  I  might  tell  you  of  a  number 
of  cases  which  I  have  collected,  where,  by   the  comi^atkoxi  o^ 
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temperature,  I  am  able  to  say  with  considerable  certainty  what  i 
the  depth  of  the  communication  between  the  inland  sea  and  th 
sea  outside.  1  find  the  temperature  going  down  to  a  certain  poini 
the  same  as  in  the  sea  outside,  and  then  continuing  uniform  to  th 
bottom.  Where  that  is  the  case,  I  believe  I  can  say  that  the  com 
munication  between  the  inland  sea  and  the  ocean  outside  stops  jus 
at  that  point,  and  the  depth  at  which  we  come  upon  the  perma 
nent  temperature  will  correspond  with  the  depth  of  the  comma 
nication.  It  is  so  with  the  Mediterranean,  and  it  is  so  in  man 
other  cases,  so  that  of  course  the  depth  of  the  communicatio 
will  have  a  great  influence  upon  the  degree  in  which  the  oceani 
circulation  will  penetrate,  as  it  were,  into  the  inland  sea  ;  bu 
where  the  bottom  to  any  considerable  depth  is  cut  off  from  th 
oceanic  area,  there,  I  will  venture  to  say,  we  shall  have  a  paucit 
of  animal  life.  I  do  not  say  an  absolute  deficiency,  because  1  hav 
reason  to  believe  that  in  the  Red  iSea  there  may  be  a  rich  fami 
even  on  the  deep  bottom.  You  may  ask  why  this  should  be,  sine 
the  Red  Sea  is  cut  off  from  the  Persian  Gulf  by  the  Straits  of  Babel 
Mandel,  which  are  shallow.  The  reason  of  the  difference  betwee 
the  condition  of  the  Red  Sea  and  the  condition  of  the  Meditei 
ranean  is  that  into  the  Red  Sea  no  rivers  discharge  themselves 
The  Red  Sea  has  a  rocky  border,  and  there  are  no  rivers  to  brin 
down  the  debris  and  organic  matter  of  the  land.  The  Red  8ei 
therefore,  will  be  a  very  pure  sea.  There  will  be  less  stagnt 
tion  at  the  bottom,  as  there  is  an  agitation  of  the  surface  from  th 
large  amount  of  water  that  streams  in  owing  to  the  enormov 
evaporation  of  the  Red  Sea,  which  has  been  estimated  to  I) 
nearly  22  feet  per  anaum,  so  that  if  the  Straits  of  Babel-Mandi 
were  closed  up,  the  Red  Sea  would  be  dry  in  two  or  three  hundre 
years.  I  say,  then,  that  with  this'  large  quantity  of  waU 
going  in,  and  no  organic  matter  being  brought  down  by  rivers  t 
use  up  the  oxygen,  I  can  very  well  believe  that  there  is  quit 
enough  movement  of  the  water  to  carry  down  to  the  bottom 
sufficient  supply  of  oxygen  for  the  maintenance  of  animal  life, 
do  not  think,  therefore,  that  this  would  apply  to  the  Red  Sea;  be 
to  a  sea,  such  as  the  Caspian,  into  which  great  rivers  discharg 
themselves,  I  believe  that  this  would  apply  most  completely;  an 
1  look  forward  with  great  interest  to  the  time  when  these  obsei 
vations  may  be  carried  out,  and  these  questions  put  to  the  test- 
the  only  sure  test,  the  verification  of  actual  conformity  to  fact. 
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Januart  8th,  1875. 

A  Reqaisition  for  a  Special  General  Meeting  of  the  Members  of 
the  Association  for  the  purpose  of  considering  and  adopting  amend- 
ments to  the  Laws,  duly  signed  by  twelye  Members  of  the  Asso- 
ciation, having  been  presented  to  the  General  Committee  by  Mr. 
J.  Logan  Lobley  and  Mr.  John  Hopkinson,  on  the  4th  December, 
1874,  a  Special  General  Meeting  of  the  Members  of  the  Associ- 
ation was  summoned  in  accordance  with  Law  XXL,  and  held  at 
Uniyersity  College,  London,  January  8th,  1875. 

Hekrt  Woodward,  Esq.,  F.R.S.,  &c.,  President,  in  the  Chair. 

Amendments  to  Laws  VIIL,  IX.,  XV.,  XVIIL,  XXII.  and 
XXIY.  were  carried,  and  the  Laws  as  amended  were  duly  passed. 

These  Laws  as  they  previously  stood  and  as  amended,  printed 
in  contigaons  columns,  are  subjoined. 


PREVIOUS  TO  AMENDMENT. 

Law  Vin. 


AS  AMENDED. 


That  the  Method  of  voting  for  the  That  the  method  of  voting  for  the 

election  of  Members  be  bj  show  of  election  of  Members  be  by  ballot. 
hands,  unless  a  ballot  shall  have  been 
pievionaly  demanded. 

Law  IX. 

That  the  negative  votes  of  one-  That  the  negative   votes  of  one* 

sixth  of  the  Members  present  exclude  sixth  of  the  Members  voting  exclude 

a  Candidate.  a  Candidate. 


Law  XV. 


That  the  management  of  the  Asso- 
ciation be  vested  in  a  President,  four 
Vice-Presidents,  a  Treasurer,  an 
Honorary  Secretary,  an  Honorary 
Librarian,  and  twelve  other  Mem> 
bers,  who  shall  constitute  a  General 
Committee,  to  be  elected  annually, 
by  ballot  if  required  ;  the  retiring 
officers  being  eligible  for  re-election. 


That  the  management  of  the  Asso- 
ciation  be  vested  in  a  President,  four 
Vice-Presidents,  a  Treasurer,  an 
Honorary  Secretary,  an  Honorary 
Librarian,  and  twelve  other  Mem- 
bers, who  shall  constitute  a  General 
Committee,  to  be  elected  annually  at 
the  Ammal  Grencral  Meeting  by  bal- 
lot; the  Henior  Vice-President  and 
the  two  Senior  Members  of  the 
General  Committee,  who  shall  not 
have  held,  during  the  preceding  year, 
any  other  office,  shall  not  be  eligible 
for  re-election  to  their  respective 
offices  until  the  next  Annual  General 
Meeting. 
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PEEVIOUS  TO  AMENDMENT. 

Law  XVni. 


AS  AMENDED. 


That  for  the  purpose  of  the  legal 
protection  of  the  property  of  the 
Association,  all  the  funds,  books,  and 
other  property  of  the  Association  be 
declared  to  be  vested  in  three  or 
more  Members  of  the  Association, 
to  be  appointed  by  the  General  Com- 
mittee ;  bnt  the  General  Committee 
shall  have  power,  by  the  vote  of  a 
majority  of  its  whole  number,  to 
sell  or  otherwise  dispose  of  any  du* 
plicate  specimens,  books,  or  other 
property  which  it  may  not  seem  to 
them  advisable  to  retain. 


That  for  the  purpose  of  the  legal 
protection  of  the  property  of  the 
Association,  all  the  funds,  books,  and 
other  property  of  the  Association 
be  declared  to  be  vested  m  three  or 
more  Trustees,  who  shall  be  Mem- 
bers of  the  Association,  to  be  ap- 
pointed by  the  General  Committee ; 
but  the  General  Committee  shall 
have  power,  by  the  vote  of  a  majority 
of  its  whole  number,  to  sell  or  other- 
wise dispose  of,  any  duplicate  speci- 
mens, books,  or  other  propc  rty  whic^ 
it  may  not  seem  to  tiiem  advisable 
to  retain. 


Law  XXII. 


That  the  accounts  of  the  Associ- 
ation shall  be  made  up  to  the  81st 
December  in  each  year,  and  audited 
by  two  Auditors,  who  shall  be  ap- 
pointed at  the  Ordinary  Meeting 
following  ;  and  the  balance-sheet 
shall  be  submitted,  together  with  a 
Report  of  the  general  progress  of 
the  Association  during  the  preceding 
year  to  an  Annual  Meeting,  which 
shall  be  held  at  such  hour  before 
the  first  Ordinary  Meeting  in  Febru- 
ary as  the  General  Committee  shall 
appoint. 


That  the  accounts  of  the  Associ- 
ation shall  be  made  up  to  the  Slat 
December  in  each  ye«r,  and  audited 
by  two  Auditors,  who  shall  be  ap- 
pointed at  the  Ordinary  Meeting 
following ;  and  the  balance-sheet 
shall  be  submitted,  together  with  a 
Beport  of  the  general  progress  of 
the  Association  during  the  preceding 
year  to  an  Annual  General  Meeting, 
which  shall  be  held  at  such  hour 
before  the  first  Ordinary  Meeting  in 
February  as  the  General  Committee 
shall  appoint. 


Law  XXrV. 


That  gentlemen  of  eminence  in 
geological  science,  or  who  have  done 
some  special  service  to  the  Associ- 
ation, may  be  recommended  by  the 
General  Committee  for  election  as 
Honorary  Members  at  the  Annual 
Meeting,  and  shall  upon  being  elected 
have  full  privileges  of  membership, 
but  that  the  number  of  Honorary 
Members  shall  not  exceed  twenty. 


That  gentlemen  of  eminence  in 
geological  science,  or  who  have  done 
some  special  service  to  the  Associ- 
ation, may  be  recommended  by  the 
General  Committee  for  election  as 
Honorary  Members  at  the  Annual 
General  Meeting,  and  shall,  upon 
being  elected,  have  full  privileges  of 
membership,  but  that  the  number  of 
Honorary  Members  shall  not  exceed 
twenty. 


The  thanks  of  the  meeting  were  unanimously  given  to  the 
President  for  his  able  and  impartial  conduct  in  the  chair,  and  the 
Special  General  Meeting  then  terminated. 
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Februart  5th,  1875. 

BoBBRT  Ethbridob,  Esq.,  F.R.S.,  F.G.S.,  &c.,  Vice-President, 
in  the  Chair. 

The  following  Report  was  read  hy  the  Honorary  Secretary : — 

RBPORT  of  THB  OBNBRAL  COMMITTBB  FOR  1874. 

The  General  Committee  have  much  pleasure  in  congratalating 
the  ABSociation  upon  the  results  of  the  past  year. 

A  considerable  number  of  new  Members  have  been  added  to  the 
Ust,  and  several  of  these  are  already  well  known  throughout  the 
oonntry,  by  their  study  and  practice  of  Geological  Science.  There 
have  been  a  few  losses  by  death,  and,  if  the  number  of  those  who 
haye  retired  b  somewhat  more  numerous  than  has  been  the  case  of 
later  years,  they  consisted,  with  few  exceptions,  of  Members  whose 
interest  in  the  proceedings  of  the  Association  was  never  very 
ardent. 

Members  elected  during  1874      ...         49 
Withdrawals  14,  Deaths  4  .  .  18 

Increase 81 

The  Census  of  the  Association  on  the  1st  January,  1875,  gave 
the  following  results : — 

Honorary  Members 12 

Life  Members 42 

Old  Country  Members       ....  28 

Other  Members        .         .         *         .         .  257 
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The  lamented  death  of  Professor  Phillips,  reduces  the  number 
of  Honorary  Members  to  12.  A  short  notice  of  the  sad  occurrence, 
which  deprived  the  Association  of  one  amongst  the  most  eminent 
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of  its  body,  will  be  found  in  the  forthcoraing  number  of  Vol.  iv.  of 
the  "  Proceedings.*' 

The  financial  position  of  the  Association  is  very  satisfactoij, 
and  the  large  nun^ber  of  Members  now  contribating  has  yielded  a 
sum  which  amply  provides  for  an  increased  expenditure,  the  benefits 
of  which  are  shared  by  all.  At  the  same  time  the  Committee 
Tenture  to  suggest  the  importance  of  punctuality  in  the  payment 
of  subscriptions,  as  the  smallness  of  the  sum  due  fix)m  each  makes 
it  all  the  more  necessary  that  it  should  be  paid  within  the  current 
year.  A  sum  of  £15  15s.  Od.,  being  the  amount  of  the  Life 
Compositions  for  the  year  1874,  has  been  invested  in  Consols. 

During  the  year  1874,  the  Editor  has  brought  out  five  numbers 
of  the  "  Proceedings,"  completing  Vol,  iii.  Your  Committee  be- 
lieve that  few  other  societies  give  more  to  their  members,  by  way 
of  publications,  in  proportion  to  the  very  moderate  amount  at 
which  the  subscription  is  fixed.  At  the  same  time  your  Committee 
are  aware  of  the  great  importance  of  bringing  up  the  publications 
of  Proceedings  to  a  level,  in  point  of  time,  with  the  reading  of 
Papers,  and  the  reporting  of  Excursions,  as  they  feel  that  much 
good  matter  may  be  withheld  from  the  Association,  in  consequence 
of  the  long  time  that  elapses  before  an  author  can  hope  to  see  his 
work  in  print.  It  is  also  equally  certain,  that  the  interest  in  an 
excursion  very  often  dies  away  before  any  record  of  it  appears  in 
the  publications  of  the  Association.  It  is  true  that  some  of  the 
larger  excursions  of  the  patit  year  have  been  reported  with  con- 
siderable fulness  in  the  provincial  papers,  and  also,  by  the  kindness 
of  the  Editor  of  the  Geological  Magazine,  have  been  noticed  in  its 
pages,  but  your  Committee  hope  the  time  is  not  far  distant  when 
the  finances  of  the  Association  will  permit  of  an  earlier  publication 
of  the  **  Proceedings." 

The  Papers  read  at  the  evening  meetings,  have  been  fully  equal 
to  the  average  of  previous  years  ;  and  as  the  meetings  are  generally 
well  attended,  there  has  been  a  considerable  amount  of  discussion 
provoked.  An  interesting  Lecture,  by  your  President,  on  the 
**  Dawn  and  Development  of  Life  on  the  Earth,"  well  illustrated 
by  How's  Geological  Photographs,  attracted  a  large  audience. 
The  last  meeting  of  the  year  was  ably  occupied  by  Dr.* Car- 
penter, in  showing  the  important  tearing  of  the  doctrine  of  a 
Thermal  Oceanic  Circulation  upon  Geological  Studies.     The  Pre- 
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sident  also  repeated  the  practice,  so  happily  commenced  by  him 
of  delivering  an  Inaagural  Address  on  the  opening  of  the  Session 
1874-6. 

List  of  Papers  and  Lectures  read,  or  delivered,  daring  the  year 
1874  :— 

Ob    the  Natnre  and   Origin  of  Flint  and  Allied  Bodiei,  by  M.  Hawkins 
Johnson,  F.Q.S. 

On  tlw  Probability  of  Finding  Coal  in  the  E>utem  Connties,  by  John  Qunn, 

F.a.& 

On  the  ecology  of  the  Neighbonrhood  of  Nottingham,  by  the  Bbt.  ALKXANDva 
Ibvino,  B.A.,  B.  So.,  F.a.S. 

On  the  Dawn  and  Deyelopment  of  Life  on  the  Earth,  by  the  Pbssidvnt. 

Obserrations  on  some  Carboniferoos  Polysoa,  by  B.  Ethbbioob,  Jnnr.,  F.Q.3. 

On  aome  Qeologioal  Pnziles,  by  Edward  Chablbswobth,  F.G  S. 

On  the  Lower  Qreensand  and  Ganlt  in  the  Neighbonrhood  of  Folkestone,  by 
F.  G.  H.  Pbiov,  F.G.S.,  M.A.L 

On  a  Ck>llection  of  Fossils,  from  the  Upper  Greensand  of  Marden,  Cambs.,  by 
H.  Gbobob  Fobdham,  F.G.S. 

On  Deposits  Forming   in   the  British    Seas,  by    G.    A.    Lbboub,  F.G.S. , 
FJLG.S.,  Ao. 

Address  at  the  Opening  of  the  Session  1874—1875,  by  the  Pbksidbnt. 

Xieetnie  on  the  Conditions  which  determine  the  Presence  or  Absence  of  Animal 
Life  on  the  Deep  Sea  Bottom,  by  Dr,  W.  B.  Cabpnntib,  F.B.S. 

Daring  the  year  1874  the  following  Mnseums  and  Collections 
^^ere  inspected  :— 

British  Mnsenm— Mineral  Collection — Professor  Maskbltnb. 

„  „  Fossil  Mollnsoa— Mr.  H.  Woodwabd. 

Oxford  Mnsenm — Professor  Phillips. 

Colleetion  of  Fossils  from  the  Northampton  Sand  (Inferior  Oolite),  Lincoln- 
shire Limestone  (Inferior  Oolite),  and  Great  Oolite,  Mr.  Shajip, 

Collection  of  Tertiary  and  Cretaceous  Fossils — Mr.  Caleb  Evans. 

Colleetion  of  Lias  Fossils— Bev.  M.  Smiths. 

Collection  of  Extinct  Mammalia— Miss  Stbickland. 

The  Excursions  of  the  Association  have  been  fairly  attended  by 
Memhers  and  their  friends.     Subjoined  is  a  list  of  the  Excursions 
,  for  1874,  arranged  in  the  order  of  the  formations  visited. 
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The  thanks  of  the  Association  for  assistance  or  hospitality 
rendered  on  the  above  mentioned  Excursions  and  Visits  are 
especially  due  to  the  authorities  of  the  British  Museum ;  the  late 
Professor  Phillips,  F.R.8.;  Mr.  James  Parker,  F.G.8.,  Oxford ;  Mr. 
W.  Whitaker,  B.A.,  F.G.8.,  Geological  Survey;  Mr.  Samuel 
Sharp,  F.8.A.,  F.G.S.,  Dallington  Hall,  Northampton;  Mr. 
Caleb  Evans,  F.G.S.,  Hampstead;  Professor  Prestwich,  F.R.S., 
Shoreham;  Dr.  Wright,  F.G.S.,  Cheltenham;  Mr.  Lucy,  F.G.S., 
Oloucester;  Rev.  W.  S.  Symonds,  M.A.,  F.G.S.,  Pendock ;  and 
Miss  Strickland,  Apperley  Court. 

The  Library  of  the  Geologists'  Association  still  continues  to  do 
good  service  by  circulating  standard  Geological  Works  among 
the  Members.  The  number  of  books  issued  during  the  year 
shows  a  slight  decrease  upon  those  issued  in  the  preceding 
Session,  but  this  may  be  attributed  to  the  fact  that  one  of  the 
meetings  was  held  in  a  lecture  room  in  the  College,  where  the 
Library  of  the  Association  was  consequently  inaccessible  to 
Members. 

The  additions  by  purchase  to  the  Library  have  already  been 
notified  by  circular,  and  the  new  Catalogue  will  show  those  that 
have  been  added  through  the  generosity  of  Authors. 

The  Librarian  thinks  that  the  Library  should,  and  he  hopes 
shortly  will,  be  used  more  extensively  by  Members.  He  desires 
to  point  out  that  about  75  per  cent,  of  books  issued  are  of  the 
more  popular  class,  and  consist  chiefly  of  text-books,  and  the 
works  of  well  known  Authors ;  while  the  remaining  25  per  cent, 
only,  are  those  of  the  "  Proceedings  of  Societies,"  and  others  of  a 
more  special  character.  He  thinks  it  matter  for  regret  that  a 
greater  number  of  the  latter  kind  are  not  made  use  of  for  purposes 
of  research.  He  would  also  observe  that  not  more  than  one- 
foorth  of  the  average  number  of  Members  attending  the  meetings 
avail  themselves  of  the  use  of  the  Library  at  all. 

In  accordance  with  the  usual  custom,  Mr.  Henry  Woodward, 
F.R.S.,  having  filled  the  Presidential  Chair  during  two  years,  now 
retires  from  the  post.  It  is  almost  unnecessary  to  point  out  the  great 
advantages  which  have  accrued  to  the  Association  from  its  connection 
with  a  gentleman  such  as  the  retiring  President.  Although  largely 
occupied  with  the  business  of  an  important  public  department,  and 
suffering  still  further  demands  upon  his  time  as  Editor  of  the 
**  Geological  Magazine/'  Mr.  Woodward  has  always  contrived  to 
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find  leisure  to  attend  with  the  utmost  exactitude  to  the  affairs  of 
the  Association,  both  in  Committee  and  at  the  Meetings.  He  has 
inaugurated  the  system,  which  it  is  to  be  hoped  may  be  followed,  of 
delivering  an  Address  at  the  opening  of  the  Session.  On  each  of 
these  occasions  there  was  a  large  and  attentive  audience.  Tour 
Committee  confidently  recommend  him  for  election  as  an  Honorary 
Member  of  the  Geologists*  Association,  feeling  sure  that  Members 
generally  will  be  glad  of  this  opportunity  of  testifying  their  regard 
for  one  to  whom  they  owe  so  much.  They  also  recommend  Mr. 
'  William  Whitaker,  of  the  Geological  Survey,  for  election  as  an 
Honorary  Member. 

Tour  Committee  have  much  pleasure  in  proposing,  as  Mr. 
Woodward's  successor,  Williem  Carruthers,  Esq.,  F.R.S.,  F.Z.8., 
F.G.S.,  keeper  of  the  Botanical  Department  in  the  British 
Museum,  a  gentleman  who  has  on  several  occasions  placed  his 
services  at  the  disposal  of  the  Association,  and  who  is  well  known 
in  the  scientific  world  as  the  leading  authority  on  Fossil  Botany, 
and  also  as  a  most  able  naturalist  and  palaeontologist.  Your 
Committee  have  full  confidence  that  Mr.  Carruthers  will  aid  in 
maintaining,  as  your  President,  the  high  character  and  efficiency 
of  the  Association  which  it  has  gained  for  itself  during  the  terms 
of  office  of  Mr.  Woodward,  Professor  Morris,  Mr.  Wiltshire,  and 
other  past  Presidents  of  the  Society. 

Mr.  8.  K.  Pattison,  who  so  kindly  undertook  about  eighteen 
months  ago,  at  very  short  notice,  the  office  of  Treasurer,  finds 
that  the  pressure  of  professional  work  compels  him  to  resign  his 
post.     This  circumstance  your  Committee  much  regret. 

As  his  successor  your  Committee  have  great  pleasure  in 
nominating  Mr.  F.  G.  H.  Price,  whose  business  abilities  and  con- 
nection with  the  well-known  bankers,  Messrs.  Child  and  Co.,  of 
No.  1,  Temple  Bar,  point  him  out  as  a  suitable  person  to  be 
entrusted  with  the  duties  of  Treasurer.  Your  Conmiittee  feel 
sure  that  this  appointment,  if  confirmed,  will  be  conducive  to  the 
financial  welfare  of  the  Association. 

Tour  Committee  again  desire  to  offer  your  best  thanks  to  the 
authorities  of  University  College  for  the  privilege  you  enjoy  of 
meeting  in  this  beautiful  Hall,  as  well  as  for  the  courtesy  with 
which  the  wishes  of  the  Committee  are  acceded  to. 
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The  Report  of  the  General  Committee  was  unanimoasly  adopted 
as  the  Annual  Report  of  the  Association  for  1874. 

Henry  Woodward,  Esq.,  F.R.8.,  F.G.8.,  F.Z.8.,  and  William 
Whitaker,  Esq.,  B.A.,  F.G.S.  of  Her  Majesty's  Geological  Survey, 
were  duly  elected  Honorary  Members  of  the  Association. 

Officers  and  General  Committee, 

Elected  at  the  Annual  General  Meeting  of  the  Association,  held 
at  University  College  February  5th,  1875  ; — 

Pbssidint. 
William  Cftrrnthers,  Esq.,  F.B.S.,  F.L.S.,  F.G.8. 

Vici-  Psssidxnts. 


Robert  Etberidfre,  Esq.^  F.B.S., 

F.R.S.E.,  F  G.S.,  Ac. 
Prof.  T.  Rupert  Jones,  F.R.S.,  F.O.S. 


J.  LoKan  Lobley.  Ef>q.,F.O  S.,  F.R.O.S. 
Henry  Woodirard,  Esq.^F  JLS.,  F.a.S. 


TBBASUaUL 

F.  Q.  HUton  Price,  Esq.,  F.G.S.,  F.R.a.S.,  M.A.L 

HONOBABT  SbGBKTABT. 

Wilfrid  H.  Hndleaton,  Esq.,  M.A.,  F.G.S.,  F.C.S.,  Ac 

HoNORAhT  Librarian. 
Jobn  A.  Coombs,  Eeq.,  F.Q.S. 

Gensbal  Comcirm. 


William    Carrntbers,    Esq.,    F.R.S., 

F.LS.,  F.G.S. 
Frank  Clarkson,  Esq.,  F.G.S. 
Jobn  A.  Coombs,  Esq.,  F.G.S. 
Robert  Etheridge,E8q.,F.RS.,F.R.S.E., 
F<G.S.,  &c. 


Jobn  Fonlerton,  Esq ,  M.D.,  F.RS.E. 
Captain  Marshall  Hal),  F.G.S.,  F.C.S 
Henry  Hicks,  Esq.,  F.G.S.,  F.R.C.S. 


uenry  uicKs,  Jijsq.,  i<'.u.7}.,  j«.k.u.s. 
Jobn  Hopkinson,  Esq.,  F.G.S.,F.R.M.S. 
Wilfrid   H.    Hudloston,    Esq.,    M.A., 

F.C.S. ,  Ac. 
James  WilUam  Dott,  E^q. 
Mattbew  Hawkins  Jobnson,  E8q.,F.G.S. 


Prof.  T.  Rupert  Jonet,  F.R.S.,  F.Gil., 

Ac. 
W.  H.  Leigbton,  Esq.,  F.GS. 
J.  Logan  Lobley,  Esq.,  F.G.a,  F.R.O.& 
Jobn  East  Hunter  Peyton,  Esq.,  F.G.a, 

F.R.A.S. 
Jobn  S.  Pben^,  Esq.,  LL.D.,  F.aA^ 

F.G.S.,  Ac 
F.    G.     Hilton    Price,   Esq.,    F.G.S., 

F.R.G.S..  M.A.T. 
F.  W.  Rudler,  Esq.,  F.G.S.,  M^L 
Jereminb  SUde,  Esq.,  F.G.S. 
Henry  Woodward,  Esq.,  F.R.S^  F.G.a, 

Ac 


The  Thanks  of  the  Association  were  given  to  the  late  President^ 
and  to  the  other  Officers  of  the  Association  for  the  past  year,  for 
their  services,  and  the  Annual  General  Meeting  then  terminated. 
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William  Carruthers,  Esq.,  F.R.S.,F.L.S.,F.G.S.,  President, 
in  the  Chair. 

The  following  Donations  were  announced  : — 

"  Bristol  Nataralist's  Society  Proceedings,"  Vol.  1.,  parti. ;  from 
that  Society. 

"  Leeds  Philosophical  and  Literary  Society  :  Annual  Reports,'* 
1866-67,  1870-71. 

"Quarterly  Journal  of  the  Geological  Society  of  London,"  Vol, 
xzx.,  part  5  ;  from  that  Society. 

"  Abstracts  of  Proceedings  of  the  Geological  Society  ;"  from 
that  Society. 

"Proceedings  of  the  Literary  and  Philosophical  Society  of 
Liverpool,*'  Vol.  xxviii.  (1873-4)  ;  from  that  Society. 

"  Proceedings  of  the  Yorkshire  Philosophical  Society,"  1878  ; 
from  that  Society. 

"Annual  Report  of  the  Leeds  Philosophical  and  Literary 
Society,"  1866-7  ;  from  that  Society. 

"  Transactions  of  the  Geological  Society  of  Glasgow,"  Vol.  iv., 
part  2  ;  from  that  Society. 

"  Transactions  of  the  Royal  Irish  Academy,"  Vol.  xxt.,  parts 
ly  2,  3,  4, 16,  17  ;  from  that  Academy. 

"  Proceedings  of  the  Royal  Irish  Academy,"  Vol.  i..  Series  ii., 
Nos.  2,  3,  4,  6,  6,  7,  8  ;  from  that  Academy. 

«*  Journal  of  the  Society  of  Arts,"  Dec.  1874  and  Jan.  1875 ; 
from  that  Society. 

**  Proceedings  and  Transactions  of  the  Nova  Scotian  Institute  of 
Natural  Science."  Vol.  iii.,  part  4  ;  from  that  Institute. 

"  The  Natural  History  and  Classification  of  Quadrupeds,"  by 
William  Swainson;  from  John  Hopkinson,  Esq.,  F.G.S. 

"  The  Old  Glaciers  of  Switzerland  and  North  Wales,"  by  A.  C. 
Ramsay,  F.R.S.,  F.G.S. ;  from  John  Hopkinson,  Esq.,  F.G.S. 

"  The  Cotteswold  Hills,"  by  John  Lycett,  F.G.S;  from  Pro- 
fessor J.  Tennant,  F.G.S. 

"  West  Indian  Tertiary  Fossils,"  by  R.  J.  L.  Guppy,  F.G.S.  ; 
from  the  Author. 

"  British  Camps  and  British  Temples,"  by  John  S,  Phen^,  Esq., 
P.G.  S.,  F.S.A. ;  from  the  Author. 
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*'  On  the  Causes  of  Art,"  by  John  S.  Phen^,  Esq.,  F.G.S., 
F.S.A. ;  from  the  Author. 

"  The  Colossal  Sculptures  of  the  Celts  in  Sussex,"  by  John  S. 
Phen^,  Esq.,  F.G.S.,  F.S.A. ;  from  the  Author.  ^ 

The  following  were  elected  Members  of  the  Association : — 
William  Nuttall,   Esq. ;   J.  M.  Black,  Esq.,  F.G.S. ;   Charles 
Campbell,  Esq. ;   and  B.  Winstone,  Esq.,  M.R.C.S. 

The  following  Paper  was  read  : — 

On  THE  YoLOAKio  Geoloot  of  Ioelakd. 

By  William  Lord  Watts,  Esq. 

(Abstract) 

Iceland  is  still  a  terra  incognita  as  regards  its  physical  geology 
and  geography,  so  large  a  part  of  it  still  remaining  unvisited. 
The  accompanying  notes,  which  I  have  made  during  my  visits  to 
a  portion  of  those  hitherto  untrodden  districts,  may  contribute  to  a 
knowledge  of  the  region,  and  of  the  vastness  of  the  volcanic  erup- 
tions which  have  produced  the  present  contour  of  a  part  of  its 
surface. 

Volcanic  phenomena  in  Iceland  appear,  with  some  few  exceptions, 
to  coincide  exactly  with  those  of  other  parts  of  the  world. 

There  are  three  aspects  from  which  volcanic  rocks  can  be  viewed. 
Firstly  as  regards  the  phenomena  of  their  production.  Secondly, 
with  respect  to  their  geological  age,  and  their  effect  upon  adjacent 
sedementary  rocks.  Thirdly,  as  mineralogical  compounds,  and 
their  similarity  to  and  difference  from  the  products  of  volcanoes 
of  other  localities  or  periods. 

In  the  parts  of  Iceland  that  I  have  traversed,  however,  the  first 
and  third  aspects  are  unfortunately  the  only  ones  in  which  it  is 
practicable  to  study  volcanic  products,  for  all  the  rocks  I  have  met 
with  in  that  country  are  either  ijo^eous  in  their  origin  or  deriva- 
tions from  igneous  rocks.        o. 

Iceland  lies  almost  at  the  northern  extremity  of  the  great 
volcanic  line  which  skirts  the  extreme  west  of  the  Old  World. 
This  line  extends  from  Jan  Mayan  through  Iceland,  the  Faroes, 
Great  Britain,  the  Madeiras,  the  Azores,  Cape  de  Yerdes,  the 
Canaries,  and  breaking  out  along  the  West  Coast  of  Africa,  ter- 
minates at  Tristan  da  Cuuha. 

Though  not  more  than  one-third  larger  than  Ireland,  it  contains 
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more  than  20  mountains  which  have  been  witnessed  in  actaal 
eruption  during  historic  periods,  and  its  only  parallel  as  a  centre 
of  Tolcanic  activity  must  be  sought  upon  the  eastern  or  western 
shores  of  the  Pacific  Ocean.  Along  the  coast  there  is  great 
evidence  of  elevation,  raised  beaches  and  sea-worn  caves  occurring 
in  some  instances  miles  from  the  present  coast-line,  though  I  am 
inclined  to  think  that  they  belong  tu  a  very  remote  period,  for  I 
have  been  unable  to  learn  that  there  has  been  any  variation  in  the 
soundings  along  the  coast  during  historic  times. 

Upon  landing  at  the  capital  of  Iceland,  Reykjavick,  the  contour 
of  the  country  at  once  proclaims  its  volcanic  character.  The  town  of 
Keickjavick  itself  stands  upon  the  borders  of  an  ancient  basaltic 
lava  stream.  Similar  streams  traverse  the  surrounding  country  in 
many  directions,  though  direct  volcanic  activity  for  some  centuries 
appears  to  have  subsided  in  this  section  of  the  island,  merely  pro- 
claiming ita  former  existence  by  s^econdary  symptoms,  such  as  hot 
springs  and  solfataras.  The  former  occur  near  Keykiness,  the 
capital  Reykjavick,  and  Rekil,  from  which  circumstance  those 
places  derive  their  names — Rekil  being  the  Icelandic  for  the  verb 
•*to  smoke;"  while  the  latter  are  at  Krisuvick,  a  day's  journey  to 
the  south -east  of  Reykjavick.  There  are  80  or  90  of  the  solfa- 
taras, and  they  occur  in  a  mountain  of  decomposed  palagonite  tiiff, 
the  sides  of  which  are  covered  with  fragmentary  matter  in  all  stages 
of  decomposition,  together  with  the  products  of  the  varioas  gaseous 
emanations.  The  solfataras  themselves  are  mere  pits  of  siliceous 
and  calcareous  bluish- white  mud,  the  result  of  the  decomposition  of 
contiguous  tuff.  This  mud  is  of  a  very  high  temperature,  and  in 
many  places  in  a  violent  state  of  ebullition,  the  principal  gas  ex- 
haled being  sulphuretted  hydrogen,  depositing  great  quantities  of 
sulphur  upon  the  surface,  in  crusts  varying  from  an  inch  to  a  foot 
or  more  in  thickness.  The  thicker  crasts  are  very  impure  speci- 
mens of  sulphur,  being  mixed  with  a  considerable  quantity  of 
carbonate  or  of  sulphate  of  lime. 

The  road  from  Reykjavick  to  Great  Geysir  runs  through  the 
far-famed  Thingvalla,  the  chief  geological  features  of  which  are 
the  two  large  rifts  in  the  lava,  namely,  Almanna  Gja  to  the  west, 
and  Rafvens  Rift  to  the  east.  The  largest  of  these  is  the  Alman- 
na Gj^  which  is  7  or  8  miles  long,  100  feet  wide,  and  in  some 
places  200  feet  deep.  A  very  superficial  glance  at  the  valley  and 
these  rifts — ^more  especially  when  they  are  compared  with  similar 
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pbenomona  which  occur  in  many  other  places  on  a  smaller  scale — at 
once  explains  their  origin. 

A  large  river  of  lava  at  some  remote  period  entered  the  northern 
end  of  the  valley,  and  nearly  covered  the  whole  of  the  depression, 
a  thick  crnst  soon  formed  over  the  surface  of  the  stream,  and  when 
the  supply  ceased,  the  still  liquid  lava  at  the  bottom  of  the  stream 
flowed  from  beneath  the  crust  into  the  deeper  portions  of  the  lake, 
which  occupies  a  considerable  area  in  the  valley,  leaving  the  un- 
supported crust  to  sink  down  in  the  middle,  thus  occasioning  these 
large  lateral  cracks  upon  either  side  of  the  stream. 

Professor  Forbes  calculated  the  age  of  Great  Geysir,  from  the 
thickness  of  the  siliceous  sinter  which  surrounds  its  basin,  at  about 
1000  years.  There  are  numerous  hot  springs  throughout  the 
Island  which  owe  their  existence  to  earthquakes,  which  instan- 
taneously called  them  into  being.  In  1 339  a  hot  spring  60  feet  in 
diameter  suddenly  appeared  at  Mosfelc,  and  during  the  earth- 
quakes which  preceded  the  great  eruption  of  Skaptar  in  1788,  no 
fewer  than  thirty-five  new  hot  springs  made  their  appearance. 
The  Great  Geysir  is  surrounded  by  numerous  other  springs  of 
all  temperatures  and  sizes,  whose  deposits  vary  according  to  the 
character  of  the  rocks  through  which  they  pass. 

The  most  important  geological  features  of  Iceland  are  its 
yolcanoes  and  their  products.  The  traveller  approaches  Hecla 
from  the  N.W.,  his  road  lying  across  a  plain  which  the  eruptions  of 
Hecla  have  from  time  to  time  desolated.  As  the  mountain  is  ap- 
proached from  the  N.W.  its  form  appears  to  be  that  of  an  oblong 
cone.  It  is  about  twenty  miles  in  circumference  and  5000  feet  in 
height,  and  is  capped  by  three  smaller  cones,  the  product  of  more 
recent  eruptions.  Its  craters  are  all  upon  the  W.  and  S.W.  sides, 
and  most  of  the  lava  streams  have  flowed  in  the  same  direction. 
It  has  been  in  eruption  no  less  than  fourteen  times  since  1004. 
Tbe  ascent  of  the  mountain  really  commences  at  800  feet, 
where  the  climber  passes  the  termination  of  an  arm  of  the  latest 
lava  stream,  the  surface  of  this  arm  being  very  rough,  and 
covered  with  masses  of  scoriae ;  though  masses  of  compact  lava 
appear  to  have  welled  up  through  many  interstices  in  the  crust. 

We  ascended  by  the  side  of  the  lava  stream  over  an  undulating 
sandy  slope,  and,  passing  a  fine  specimen  of  a  cinder  cone  upon  our 
right,  we  left  our  horses  ;  and  clambering  over  the  rugged  surface 
of  the  latest  lava  stream  and  flanking  the  lava,  we  commenced 
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the  ascent  of  the  Ash  and  Cinder  Gone,  which  forms  the  snmmit 
of  the  moontain.  We  now  passed  several  masses  of  a  grey 
stony  yarietj  of  lava^  bnt  upon  re-meeting  this  lava,  at  the 
height  of  3,600  feet,  the  stream  appeared  to  be  very  thin,  and  had 
cooled  npon  this  steep  incline  in  masses,  passing  almost  into  an 
ohsidian.  Further  on  the  lava  became  of  a  more  cindcrj  nature. 
All  the  Hecia  lavas  that  I  have  seen  are  basaltic  or  doleritic,  aud 
contain  crystals  of  felspar  and  olivine.  We  were  soon  at  the  edge 
of  the  crater  of  1846,  as  it  is  erroneously  called.  It  is  simply  a 
circular  opening,  which  topped  a  larger  and  more  distant  crater, 
from  which,  I  believe,  the  eruption  proceeded.  This  smaller  col- 
lateral oridce  was  perfectly  cold,  but  from  the  larger  one  steamy 
exhalations  were  rising.  This  larger  crater  was  an  elliptical  de- 
pression about  300  yards  across  and  250  feet  deep  ;  its  sides  con- 
sisted of  a  series  of  terraced  banks  of  many-coloured  cinders,  and 
of  sulphurous  clay.  At  the  bottom  was  a  little  patch  of  indurated 
snow.  Descending  I  found  in  some  places  the  ashes  and  clay  were 
too  hot  for  the  hand  to  bear,  and  wreaths  of  vapour  were  rising  from 
amongst  them,  depositing  a  variety  of  sublimations  upon  their  suiv 
faces.  Re-ascending  and  proceeding  along  a  narrow  saddle  of  the 
mountain,  its  two  principal  cones  came  into  view.  Grossing  a 
snow  slope  which  contained  many  miniature  ice  caverns,  we 
ascended  to  the  apex  of  the  mountain,  which  surrounds  a  long, 
deep  crater,  breached  towards  the  west,  and  nearly  choked  with 
snow.  PVom  one  part  of  it  a  small  body  of  vapour  was  rising. 
Upon  the  W.  of  the  third  cone  we  were  informed  that  there 
was  a  fourth  crater. 

Two  or  three  days'  journey  from  Hecla  brings  us  to  the  foot  of 
Myrdals  Jokull,  which  includes  the  much-dreaded  volcano  Kat- 
logia.  The  hills  immediately  around  Myrdals  Jokull  are  mostly 
composed  of  palagonitic  agglomerate,  which  encloses  numerous 
fragments  of  basalt,  many  of  which  appear  to  have  been  subjected 
to  the  action  of  fire.  A  great  deal  of  this  agglomerate  is  doubtless 
formed  by  the  huge  debacles  of  mud  aud  water  that  from  time  to 
time  haye  rushed  down  the  sides  of  these  mountains  into  the  plains 
beneathy  caused  either  by  the  bursting  of  the  basins  of  crater  lakes 
or  the  sudden  melting  of  the  frozen  covering  of  the  volcanic  heights. 
These  have  poured  in  a  torrent  of  mud  and  ashes  down  the  sides 
of  the  mountains,  gathering  up  the  pulverulent  volcanic  materials 
and  other  accumulations  which  they  met  with  in  their  courses,  and 
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mingling  together  the  aqneons  and  igneons  ejectamenta  in  the  most 
extraordinary  confusion,  have  hurled  themselyes  in  heterogeneous 
avalanches  upon  the  lower  elevations,  forming  banks  of  muddy 
agglomerate  upon  the  plains,  and  filling  the  depressions  in  some 
instances  with  seething  paste. 

But  some  of  these  tuffs  are  formed  without  the  terrible  pheno- 
mena just  described  ;  the  gentle  and  continual  wash  of  the 
mountain  streams  have  accomplished  as  much  as  the  oyerwhelming 
debacle,  bringing  down  atom  by  atom  the  volcanic  ejectments,  the 
constituents  of  disintegrating  rocks,  and  piece  by  piece  the 
fragments  of  basalt ;  yes,  even  in  the  very  abode  of  convulsion  do 
we  find  the  constant  and  gentle  forces  of  nature  vicing  with  the 
terrible.  In  one  comer  amongst  the  hills,  filling  a  depression, 
I  found  beds  of  black  and  almost  impalpable  sand,  which  perhaps 
were  originated  by  the  wind  carrying  the  light  volcanic  dust 
(probably  strewn  over  the  country  by  the  eruption  of  some  neigh- 
bouring volcano)  into  the  position  in  which  I  found  it.  Indeed  we 
see  the  same  thing  going  on  every  day  upon  the  large  sandy  plains 
to  the  east  of  Myrdals  JokuU.  Having  ascended  the  hills  below 
Myrdals  J6kull,on  our  way  to  Katlugia,  we  will  glance  back  at  the 
history  of  this  terrible  volcano,  which  has  been  in  eruption  no  less 
than  15  times  since  the  year  900. 

The  principal  phenomena  attending  the  eruptions  of  this  volcano 
are  stupendous  floods  of  heated  water  and  the  prodigious  quantities 
of  sand  ejected.  It  has,  I  believe,  never  been  known  to  produce 
lava;  but  upon  the  base  of  the  mountain  I  found  numerous 
ancient  lavas,  proving  that  Myrdals  JokuU  at  one  time  was  no  ex- 
ception to  its  neighbouring  volcanoes.  These  lavas  are  mostly 
felsitic,  and  some  of  them,  despite  their  porous  nature,  are  almost 
obsidians.  The  floods  from  Katlugia  during  eruptions  have  often 
submerged  a  district  of  280  square  miles,  continuing  sometimes  for 
days  in  spite  of  the  rapid  outflow  to  the  sea.  These  floods  are  pro- 
duced not  only  by  the  sudden  melting  of  the  snow  on  the  Jokull  at 
the  time  of  eruptions,  but  in  all  probability  by  the  bursting  of  large 
cavities  in  and  underneath  the  mountain  in  which  water  might  have 
been  for  years  accumulathig.  This  aqueous  phenomenon  is,  how- 
ever, by  no  means  peculiar  to  Katlugia,  although  it  occurs  there 
upon  much  the  larger  scale,  for  during  the  ISth  and  14th  centaries 
all  the  volcanoes  in  the  south  of  Iceland  erupted  water. 

But  to  return  to  Katlugia.     Upon  the  base  of  the  mountain  I 
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encountered  some  masses  of  compact  basalt  that  split  with  the 
hammer  into  thin  laminae,  presenting  the  conchoidal  fracture  of  a 
flint  The  rocks,  a  short  distance  from  the  glacier,  were  much 
scratched  and  farrowed  hj  glacial  action,  and  I  found  two  or 
three  large  masses  of  ferruginous  lava  many  tons  in  weight,  that 
when  struck  with  a  hammer  sounded  perfectly  hollow,  doubtless 
owing  to  their  cellular  nature,  the  multiplied  echoes  from  the 
nnmeroos  small  cavities  producing  a  precisely  similar  effect  to  that 
produced  by  one  large  cavity,  as  pointed  out  by  Mr.  Scrope  in 
relation  to  the  solfataras  of  the  Italian  volcanoes. 

Upon  the  S.E.  side  of  the  Jokull,  in  a  line  with  the  mountain 
Amna-stakka,  is  a  black  cone  of  volcanic  sand  and  ash,  with  a  base 
of  tuff  protruding,  through  the  ice  which,  upon  closer  inspection, 
proved  to  enclose  a  perfectly  formed  crater  about  300  feet  in 
diameter.  This  crater  was  reached  towards  the  S.E.  At  the 
bottom  was  a  deep  pool  of  turbid  water,  into  which  several  small 
streams  emptied  themselves,  but  none  ran  out,  this  is  possibly  one 
of  the  reservoirs  in  which  the  dreaded  waters  of  Katlugia  accumu- 
lated in  the  bowels  of  the  mountain.  Standing  at  the  summit  of 
this  cone  the  eye  wanders  over  a  vast  accumulation  of  debris  and 
Bandy  moraine  which  is  borne  by  the  blackened  ice  of  the  glaciers 
towards  the  broad  dark  sandy  waste  of  Myrdals  Sandr  from  a  horse- 
shoe-shaped valley  which  leads  right  into  the  heart  of  Myrdals 
Jokull.  This  valley,  which  is  filled  with  an  immense  glacier,  is  sur- 
rounded by  steep  banks  and  slopes  of  indurated  snow,  from  which 
protrude  several  cliffs  of  felstone  and  banks  of  sand.  It  is  none 
other  than  the  barren  crater  Katlugia.  Upon  exploring  it  we 
found  in  one  or  two  places  considerable  depressions  partially  filled 
with  water.  The  only  indications  of  its  destructive  nature  were 
the  black  desolate  plain  of  sand  to  the  east  and  the  inky  waves  of 
the  discoloured  glacier  below  us. 

Leaving  Katlugia^  we  cross  Myrdals  Sandr  (the  greater  part  of 
which  has  been  erupted  by  Katlugia),  and  pause  for  a  few 
moments  beside  the  huge  lava  stream  of  Skaptar  which  flowed 
from  Skaptar  Jokull  (the  S.W.  corner  of  Vatna  Jokull)  during 
the  memorable  eruption  of  1783.  This  produced  two  streams,  one 
50  miles  long  and  15  wide,  and  the  other  40  miles  in  length  and 
seven  broad,  being  in  some  places  500  feet  in  depth.  It  has  been 
computed  that  the  entire  mass  exceeds  in  bulk  that  of  Mont  Blauc. 

N 
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This  lava  is  highly  ferruginons,  and  stronglj  impregnates  the 
waters  of  the  river  Eldvatn  which  flows  throagh  it. 

To  the  Vatna  Jokull  (of  which  Skaptar  Jokull  is  but  a  small 
part),  together  with  the  unknown  country  which  lies  immediately  to 
the  north  of  it,  the  volcanic  forces  of  Iceland  seem  at  present  to  have 
retreated.  The  Vatna  Jokull  is  a  tract  of  ice  and  snow  which  rests 
upon  a  nest  of  volcanoes,  many  of  which  have  been  in  ermption 
during  historic  times;  the  peaks  of  many  of  these  protruding 
through  the  frozen  covering.  The  Vatna  rises  from  a  series  of 
basaltic  terraces  to  a  large  ''  rolling"  snow-covered  plateau  5,950 
feet  above  sea  level. 

While  investigating  this  remarkable  district  last  year  I  came 
upon  a  cluster  of  conical  eminences  which  rise  from  a  larger  pit  or 
crater  upon  the  mountain.  This  showed  a  complete  transition  from 
highly  vitreous  obsidian  to  a  banded  semi-obsidian  then  to  a  pearlite 
which  again  passed  into  a  grey  stoney  variety  of  lava  which  so  much 
resembles  the  alum  stones  of  Hungary.  Upon  the  unexplored  north 
of  the  Vatna  Jokull  I  believe  there  may  be  permanently  active 
volcanoes,  for,  from  time  to  time,  eruptions  have  been  witnessed  in 
that  direction,  and  yet  no  one  has  penetrated  to  where  they  occur. 
Gaseous  emanations,  that  I  am  sure  cannot  come  from  anything 
but  a  body  of  cooling  lava,  are  frequently  experienced  upon  the 
south  of  the  Vatna  Jokull  when  the  wind  is  in  the  N.N.E.  And  I 
have  found  that  they  increase  in  pungency  of  odour  the  further 
north  I  have  advanced  upon  the  mountain. 


ORDINARY  MEETING,  March  5th,  1875. 

William  Carruthers,  Esq.*,  F.R.S.,  F.L.8.,  F.G.S.,  President, 
in  the  Chair. 

The  following  Donations  were  announced  : — 

"  Quarterly  Journal  of  the  Geological  Society,"  Vol.  xxxi.,  part 
1 ;  from  that  Society. 

"  Abstracts  of  Proceedings  of  the  Geological  Society  ;'*  from 
that  Society. 

"  Transactions  of  the  Manchester  Geological  Society,*'  VoL  xiiL, 
parts  6,  7,  8 ;  from  that  Society. 

*^  Researches  in  the  Roman  Castnmi  at  Richborough,"  by  Qeo. 
Dowkar,  F.G.S. ;  from  the  Author. 


G.  E.  DB  BAKCB  ON  SOME  YALLEYS.  221 

"  Oi90grapbical  Dynamics,"  by  Sir  W.  Thomson ;  from  N.  T, 
WethereU,  Esq. 

"On  the  Cultivation  of  Organic  Science,"  by  Dr.  Grainger; 
faun  N.  T.  Wetherell,  Esq. 

**  A  Reminiscence  of  Dr.  Mantell  ;"  from  N.  T.  Wetherell,  Esq. 

'<  Miscellaneoas  Proceedings  of  the  Royal  Society  ;"  from  N.  T. 
Wetherell,  Esq. 

The  following  were  elected  Members  of  the  Association  : — 

M.  Charles  Barrois ;  Howard  Beadall,  Esq. ;  Patrick  Donovan, 
Esq.,  J.P. ;  Matthew  Greene,  Esq.,  M.R.L  ;  R.  M.  Johns,  Esq., 
and  Charles  Junius  Tinson,  Esq. 

The  following  Paper  was  read: — 

On  the  Relative  Age  of  some  Valleys  in  the  North  ahd 
South  of  England,  and  op  the  Various  and  Post-Glaoial 
Deposits  occurring  in  them. 

By  Charles  E.  De  Rancb,  Esq.,  F.G.S.,  H.M.  Geological 
Survey. 

In  the  early  days  of  Geological  Surveying  it  was  the  custom  to 
disregard  the  various  deposits  of  clay,  sand,  loam,  and  gravel, 
which  were  believed  to  have  been  scattered  by  '^  diluvial  forces"  over 
the  surface  of  what  were  called  the  regular  formations. 

As  the  application  of  Geology  to  Agriculture,  Engineering,  and 
Medical  Science  increased,  an  exact  knowledge  of  the  various 
Drift,  or  superficial  deposits,  became  of  importance,  for  in  many 
districts  they  entirely  cover  up  the  older  rocks,  in  some  instances 
to  a  depth  of  400  feet,  and  exercise  a  more  important  influence  on 
the  pursuits,  health,  and  condition  of  the  people  living  on  their 
surface,  than  do  those  older  formations,  which  are  alone  shown,  on 
ordinary  geological  maps. 

A  detailed  examination  of  these  Drift  deposits,  in  various  parts 
of  the  British  Isles,  proved  that  so  far  from  their  having  a  com- 
mon diluvial  origin,  their  structure  is  exceeding  complex,  due  to  a 
number  of  forces,  acting  through  long  periods  of  time,  during 
which  great  climatal  changes  took  place.  Some  of  these  beds 
being  due  to  the  melting  of  stone-laden  icebergs  in  a  Glacial  sea, 
others  to  the  ground  moraine  of  an  ice-sbeet  wrapping  over  large 
portions  of  Britain,  whilst  other  deposits,  though  formed  after  the 


222  C.  B.  DS  RANCB  OK  SOME  VALLEYS 

period  of  cold  had  passed  away,  were  the  old  allnyial  sediments 
brought  down  by  existing  rivers,  before  they  had  cat  down  their 
yalleys  to  their  present  depth. 

Whilst  yet  other  deposits,  though  later  in  time  than  the  newest 
Tertiary  period,  were  yet  pre- Glacial,  expressing  a  Continental 
period,  which  forms  a  link  between  the  present  and  past,  daring 
which,  through  old  forms  of  life  constantly  becoming  extinct^ 
and  new  species  appearing  from  other  areas,  there  was  a  constant 
series  of  over-lapping,  the  new  emigrant  being  ever  present  at 
the  death  of  the  original  inhabitant,  whose  ground  it  occupied,  to 
whose  extinction  it  contributed  in  the  struggle  for  life,  and  whose 
place  in  the  economy  of  nature  it  took  up. 

The  completion  of  the  maps  of  the  Government  Geological 
Survey,  with  the  superficial  deposits  expressed,  of  two  important 
districts,  viz. : — the  Thames  Valley  around  London,  and  the  whole 
of  South  Lancashire,  enables  us  for  the  first  time  to  compare  the 
sequence  of  the  two  districts  one  with  the  other,  with  a  view  to 
seeing  how  far  they  may  be  correlated,  and  how  far,  by  light 
borrowed  from  the  one  we  may  read  the  history  of  the  other. 

OLAGIAL  DRIFT   OF   LANCASHIRE. 

The  high  watershed  forming  the  Eastern  margin  of  Lancashire, 
along  the  Yorkshire  border,  is  for  the  most  part  a  Driftless  area,  . 
but  in  the  Coal  Measures  basins  lying  between  the  various  spurs, 
thrown  out  westwards  from  this  Pennine  watershed,  between  the 
Mersey  and  the  Kibble,  Glacial  Drift  occupies  the  yalleys  and 
creeps  up  the  hills  to  a  height  of  500  and  even  1300  feet. 

North  of  the  Ribble,  the  Fells,  forming  the  watershed,  end  off 
more  abruptly,  and  overlook  the  Drift-covered  plain  of  Lancaster, 
Garstang,  and  Preston,  a  continuation  of  the  Triassic  and  Coal 
Measures  Drift-covered  plains  to  the  south. 

Between  Warrington,  Wigan,  and  Ormskirk  this  lowland  plain 
is  subject  to  undulations,  sections  proving  the  Drift  to  wrap  round 
a  pre-Glacial  system  of  hills  and  valleys,  the  rock  often  cropping 
out  at  the  top  of  the  hills,  but  in  tlie  plain  northward  of  Wigan 
and  Ormskirk,  Glacial  Drift  overlies  a  pre-Glacial  rocky  floor 
rising  slightly  inland,  and  situated  far  beneath  the  present  high- 
water  mark  under  the  line  of  the  existing  sea-coast.  8o  tha^ 
rock  sections  are  hardly  ever  seen,  and  inland  are  only  met  with^ 
in  the  beds  of  the  streams  at  the  bottom  of  the  deepest  valleys. 
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At  Preston  and  Blackpool,  the  Glacial  Drift  exhibits  what  may 
be  called  its  normal  sequence  in  the  north  west  of  England,  con« 
Bisting  of  :— 

Upper  Boulder  Clay  .         .         .         About  80  feet 
Middle  Sands  and  Shingle  .         .  n      ^0    ,, 

Lower  Boulder  Clay  .         .         .  „      80    „ 

The  Sands  in  West  Lancashire  are  exceedingly  cnrrent-bedded, 
g^erally  in  a  8.S.  K.  direction,  the  shingle-beds  are  often  of  con- 
siderable  thickness,  very  local,  and  contain  perfectly  rounded 
pebbles  and  numerous  marine  shells,  some  of  the  latter  exceedingly 
perfect  though  excessively  fragile.  The  pebbles  are  chiefly  derived 
from  local  deposits,  but  when  Lower  Boulder  Clay  is  present  in  the 
district,  the  fragments  consist  of  erratics  from  the  Lake  District, 
often  more  or  less  scratched.  When  the  Sands  and  Shingle  are  found 
high  up  in  a  Coal  Measure,  or  Millstone  Grit  district,  fragments 
rolled  into  pebbles  of  Coal  Measure  sandstones,  coal,  and  Millstone 
Grit  are  common. 

When  sections  of  the  bed  of  the  Ribble,  its  tributaries,  or  other 
rivers  taking  their  source  further  inland  are  observed,  the  Glacial 
deposits  are  found  to  occupy  old  pre-Glacial  valleys,  producing  the 
phenomenon,  termed  Valley  within  Valley^  the  existing  valley 
being  excavated  in  the  Drift,  and  of  a  much  smaller  sectional  area, 
'  aiid  as  Mr.  Tiddeman  in  1867  pointed  out,  many  of  the  brook 
Talleys  of  North  East  Lancashire  and  West  Yorkshire  are  merely 
re-excavations  and  enlarging  "  fossil  water  courses,  following  in 
the  steps  of  the  pre-Glacial  pioneers." 

In  the  Famess  district  of  North  Lancashire,  the  same  general 

tfcqaence  of  Glacial  deposits  obtains ;  Ui  per  Boulder  Clay  rests  on 

simds  and  gravels  at  Ulverston,  and  a  Lower  Boulder  Clay  can 

^  Seen  resting  on  the  rock,  but  in  following  any  of  the  streams 

'^^^hing  the  sea  in  this  district  into  the  deep  valleys  of  the  Lake 

^strict   from  which  they   flow,   the  sequence   is  lost,  arid   the 

^iaracter  of  the  Drift  becomes  more  and  more  confused  as   the 

^^Untains  are  approached.     Well  preserved  moraine  mounds  occur 

'**  xiiimerous  valleys,  far  above  the  level  of  glaciated  rocks  lower 

^^Wb  in  the  valleys,  and  there  is  clear  evidence  of  an  early  ex- 

^^^^ve  glaciation,  during  which  era  those  lakes  which  lie  in  the 

^^^"Ic-basins  probably  came  into  existence,  and   of  later  nestling 

^l^ciers,  which  shrunk  gradually  as  the  period  of  glacial  cold  passed 
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Qlaciers  large  enough  to  bare  deepened  yallejs  into  rock-basins 
and  score  tbeir  sides  witb  striae,  must  have  left  large  moraines, 
almost  the  only  evidence  of  which  now  exists  in  their  transported 
fragments  lying  scattered  over  the  plains  of  the  south  imbedded  in 
the  Boulder  Clay.  And  it  is  in  the  highest  degree  probable,  that 
all  trace  of  these  old  moraines  of  the  Lake  District  were  obliter- 
atedy  first  by  the  deposition  of  marine  deposits  on  them,  during  the 
submergence,  and  secondly  by  the  denuding  away  of  the  material 
filling  up  the  valleys  by  the  glaciers  of  the  second  period,  which, 
judging  from  their  well  preserved  moraines,  must  have  existed  after 
the  re-elevation  of  the  land.  The  amount  of  moraine  sediment  de- 
posited in  the  valleys  of  the  Lake  District  was  probably  compara- 
tively small,  through  their  being  filled  with  land  ice  during  the 
submergence. 

In  some  sections  in  South  Lancashire,  as  at  Brinscall,  the  Middle 
Sands  do  not  rest  on  a  Lower  Boulder  Clay,  which  generally  re- 
sembles the  Upper  Boulder  Clay  in  colour,  consistence,  character 
of  included  fragments,  and  in  the  presence  of  marine  shells,  but  on 
a  dark  tough  clay,  resembling  the  "  Till "  of  Scotland,  and  formed 
like  it  by  the  grinding  of  an  ice-sheet  over  a  local  area.  Near 
Llandudno  in  North  Wales  I  noticed  a  bed  of  Till  of  this  descrip- 
tion, underlying  the  ordinaiy  Lower  Boulder  Clay,  Middle  Sands, 
and  Upper  Boulder  Clay  ;  so  that  I  am  inclined  to  correlate  the 
Till  with  the  period  of  the  formation  of  the  rock-basins  and  the 
glaciated  surfaces  of  the  North  of  England  found  beneath  the  later 
marine  beds  known  as  the  Lower  Boulder  Clay,  &c. 

Post- Glacial  Valley  Deposits. 

In  some  streams  denudation  is  threefold :  vertical,  cutting  the 
channels  downwards,  always  acting  from  below  upwards,  or  from 
the  outfall  towards  the  source ;  longitudinal,  cutting  away  the 
banks  on  both  sides  i/vlicn  the  streams  flow  straight,  and  the  outer 
side  only  when  it  flows  in  a  curve ;  and  horizontal^  when  the 
streams  or  rivers,  through  excessive  curving,  in  addition  to  wear- 
ing the  edge  of  its  channel  wears  it  completely  backward,  causing 
the  water  to  be  thrown  diagonally  at  the  hill  or  bluff  forming  the 
limit  of  the  valley,  which  thus  receives  the  whole  horizontal  width 
of  the  stream.  Gravel  is  constantly  brought  down  by  the  rash  of 
the  stream  during  floods,  but  is  only  deposited  in  the  river-bed, 
while  the  matter  held  in  suspension  is  deposited  on  the  banks 
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when  the  velocity  of  the  water  is  lost  or  diminished.  When  the 
river  has  cut  as  low  as  it  can  and  the  land  remains  stationary, 
the  course  is  constantly  heing  changed,  and  the  gravels  deposited 
at  a  previous  time  re-arranged ;  remarkable  instances  of  this 
are  shown  by  Mr  Fergusson  to  take  place  near  the  Delta  of  the 
Ganges.  The  river  in  undermining  old  banks  and  terraces,  and 
re-depositing  their  materials  in  newer  banks  and  alluvial  flats, 
mixes  included  fragments  of  various  ages  in  one  deposit. 

Valley  op  the  Ribble. — The  first  section  (Section  1)  to 
which  I  would  wish  to  draw  attention  is  one  across  the  valley 
of  the  Ribble,  a  few  miles  east  of  the  town  of  Preston.  The  river 
has  here  cut  through  the  great  Drift  plain  between  Chorley  and 
Lancaster  down  to  the  rock  beneath,  and  excavated  its  bed,  near 
Preston,  to  the  lowest  possible  level,  namely  to  low-water  mark, 
the  spring  tides  flowing  two  or  three  miles  up  the  river  beyond  the 
town.  The  river  has  excavated  for  itself  a  gorge,  with  an  average 
width  of  a  mile  and  a  half,  bounded  by  steep  walls  or  bluffs,  here 
and  there  worn  into  clifils,  exhibiting  fine  sections  of  the  Glacial 
Drift,  of  an  elevation  varying  from  80  to  200  feet. 

The  whole  of  the  excavation  of  this  gorge,  20  miles  long  and 
150  feet  deep,  must  have  taken  place  since  the  era  of  the  Upper 
Boulder  Clay,  or  in  post-Glacial  times,  and  since  the  country  had 
acquired  its  present  level ;  for  if  the  country  had  stood  lower,  the 
sea  would  have  shaved  the  country  across,  instead  of  excavating 
a  comparatively  narrow  valley  ;  and  if  the  country  had  stood 
higher,  the  river  would  have  excavated  its  bed  deeper,  or  below 
low- water  mark,  which  is  not  the  case,  as,  whenever  the  rock  is 
visible,  it  is  seen  extending  under  the  Drift  as  a  flat  surface,  in 
every  direction. 

The  Ribble  wanders  in  a  series  of  S-like  curves  through  an 
alluvial  plain  ;  and  wherever  the  bend  of  the  S  cuts  the  boundary- 
walls  of  the  plain,  there  the  process  of  river-cliff  making  ensues  : 
the  cliff  is  worn  back  and  back,  until  the  river,  by  cutting  across 
a  bend,  finds  a  new  channel ;  then  the  talus  formed  at  the  base 
of  the  cliff,  being  no  longer  removed  by  the  river,  accumulates, 
until  a  gradual  slope,  covered  with  grass,  is  formed,  and  the  cliff 
becomes  a  bluff.  As  the  bends  of  the  river  are  nearly  a  mile  apart, 
and  tliey  alone  exercise  the  primary  horizontal  denuding  power,  it 
will  be  seen  that,  for  the  formation  of  the  bluffs,  once  cliffs,  the 
bends  of  the  river  must  have  been  successively  upon  every  point 
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of  the  blnffs  forming  the  bounds  of  the  plain.  And  as  the  vertices 
of  these  bends  move  with  extreme  slowness,  it  follows  that,  when 
the  river  twice  denudes  the  same  point,  it  must  flow  at  a  lower 
level  the  second  time  than  it  did  the  first.  This  will  account  for 
the  fact  that  terraces  of  Lower  Boulder  Clay  have  been  left  at 
the  base  of  the  bluffs  at  higher  levels  than  the  alluvial  plain,  the 
top  of  the  terrace  marking  the  level  of  the  river  when  it  last  de- 
nuded that  point. 

The  river  is  now  depositing  silt,  or  alluvium,  during  every  flood 
produced  by  a  freshet  from  the  land  or  a  high  tide  from  the  sea, 
except  at  the  points  where  denudation  of  the  old  banks  is  at 
wori^.  Similarly  we  find  here  and  there  superimposed  terraces  of 
alluvial  gravel,  at  heiglits  of  from  20  to  100  feet  above  the  present 
level,  formed  in  the  concave  curves  of  the  S's  when  the  stream 
stood  higher  than  at  present,  and  cut  the  terraces  in  the  Lower 
Boulder  Clay  before  referred  to. 

,  The  wasting  action  of  the  river  has  in  many  cases  completely 
worn  away  all  the  alluvium,  and  turned  the  bluff  bounding  the 
Talley  into  a  steep  cliff,  with  the  river  flowing  at  its  base,  but  at 
the  point  where  Section  1  is  taken,  the  river  has  not  completed 
its  work,  and  fragments  of  old  river  terraces  above  the  level  of  the 
present  alluvial  plain  are  still  preserved. 

A  detailed  section  of  these  terraces,  though  of  course  subject  to 
local  variation,  closely  corresponds  in  sequence  of  the  nature  of  the 
beds  composing  it  with  that  exhibited  in  by  far  the  larger  number 
of  the  sections  of  the  present  alluvial  plain,  namely — 

1.  Sand,  Loam,  Fine  Gravel. 

2.  Peat,  Trunks  of  Trees  and  Clay. 

3.  Coarse  Gravels. 

Probably  representing — 

1.  Deposition  of  matter  denuded  from  alluvial  plains  above. 

2.  Obstruction  of  drainage. 

8.  Denudation  of  valleys  above. 

West  Lancashire  Sea-Coast. — Following  the  Ribble  to  its 
delta  the  coast  line  is  found  to  be  fringed  with  broad  tracts  of 
sand  hills  or  dunes,  rising  to  a  height  of  60  to  80  feet,  and 
occupying  a  tract  of  country  from  a  mile  and  a  half  to  four  miles 
in  width.  The  sand  gradually  thins  out  on  the  landward  or  east- 
ward margin,  and  is  found  to  rest  upon  peat,  which  form  ex- 
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tensive  masses  between  Liyeipool  and  the  Ribble  near  Preston, 
manj  of  which  are  below  high-water  mark,  the  sea  being  kept  out 
by  the  sand  dunes,  and  the  drainage  being  artificially  taken  off  bj 
steam  and  wind  power. 

Beneath  the  sand  dunes  on  the  sea-coast  also  the  peat  crops  oat, 
and  at  its  base  occur  the  roots  of  a  forest,  imbedded  in  the  grey 
clay  beneath,  while  trunks  of  trees  lie  scattered  in  many  directions, 
but  generally  with  their  heads  lying  to  the  N.E.,  as  if  they  had 
been  blown  over  by  a  gale  from  the  S.  W.  The  bases  of  the  trunks 
left  standing  in  the  places  where  they  grew,  all  appear  to  have 
been  broken  off  at  a  uniform  level ;  and  it  is  most  probable  that 
through  the  drainage  being  obstructed,  water  surrounded  the 
trees,  which  gradually  became  rotten  at  the  point  of  contact  of 
the  air  and  the  water,  and  thus  the  way  was  prepared  for  the 
effects  of  storms  and  hurricanes. 

Inland  the  same  phenomena  are  observable,  trees  are  found  in 
situ  beneath  the  peat,  and  in  draining  operations  cart  loads  of  trunks 
and  snags  of  trees  arc  found,  some  of  which  are  in  a  sufficiently 
good  state  of  preservation  to  be  used  for  window  frames  and  doors, 
especially  those  of  oak.  Alder,  ash,  and  Scotch  fir,  are  also  conunon, 
and  the  various  tree's  generally  occur  together,  but  an  exception  is  to 
be  found  at  a  section  north  of  the  Ribble  near  Rossal  School,  where 
there  is  a  distinct  horizon  of  oak,  over  that  of  Scotch  fir,  as  is  the 
case  in  Denmark.  A  little  north  of  this  section,  about  two  miles 
from  Fleetwood,  a  large  number  of  Roman  coins  were  discovered 
in  the  ^cro5tcu/ana-cl ay,  which  overlies  the  peat  at  a  depth 
of  eight  feet  from  the  surface,  and  below  high-water  mark,  so 
that  the  levels  of  land  and  sea  have  remained  very  constant 
since  the  Roman  era.  This  is  also  supported  by  the  fact  of  the 
occurrence  of  the  remains  of  a  Roman  bath,  at  Dow  Brook  near 
Kirkham,  close  to  the  Roman  road  running  between  Ribchester, 
Preston  and  the  sea,  which  **  bath"  and  road  are  only  about  10  feet 
above  the  present  high-water  mark  at  spring  tides. 

Under  the  peat,  on  the  seaward  side,  and  extending  inland  for 
some  miles,  is  a  deposit  of  estuarine  grey  clays,  containing  at  times 
freshwater  shells,  and  at  other  places  Scrobicularia  piperata  and 
other  marine  shells  ;  underlying  this  clay,  and  further  inland  under 
the  peat,  is  a  deposit  of  marine  sand,  which,  on  the  landward  edge 
of  the  plain,  rises  into  a  range  of  ancient  sand  dunes.  This  sand 
I  have  called  the  Shirdley   Hill  Sand,  from  the  highest  of  these 
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old  sand  danes.  North  of  the  Ribble,  the  place  of  this  sand  is 
taken  by  a  bed  of  shingle  which  is  well  seen  near  Presall  Hill 
east  of  Fleetwood,  where  it  lies  on  the  Upper  Boulder  Claj. 
When  the  sections  in  the  great  peat  moss  lying  south  of  the 
Ribble,  are  followed  into  the  region  of  the  alluvium  of  that  riyer, 
the  peat  is  found  to  underlie  the  ordinary  alluvial  loam,  and  rests 
on  a  coarse  river  gravel,  which  occupies  the  horizon  in  the  valleys 
of  the  Shirdley  Hill  Sand  and  Presall  shingle-beds  in  the  plains. 

Beneath  the  sand  dunes  at  Dove  Marks,  near  Hoylake  on  the 
coast  of  Cheshire,  the  following  succession  of  beds  occurs  : — 

ft. 

1.  BUhynia  teiU<iculata 8aaa.d 2to4 

2.  Ftet,  sometimes  with  a  cultivated  snrface 1 

8.  Tellina  haUhica  Sand,  with  seams  of  Bluish  Clay.    Thia 

is  apparently  the  seam  in  which  Mr.  Eoroyd  Smith  has 

recorded  the  presence  of  Saxon  and  Roman  coins 2 

4b  Feat.    The  representative  of  the  thick  peat  of  Lancashire 

and  Cheshire 8 

6.  Blnish-grej  Clay,  the  upper  portion  of  freshwater  origin. . .  8 
„  „  the    lower  of   marine,   and  containing 

Scrohicularia    1 

6.  Peat,  with  a  few  stamps  of  trees  with  their  roots  in  1^ 

7.  Bonlder  Claj.    From  half -tide  to  the  lowest  water-mark. 

In  the  lowest  peat  (6)  no  historical  or  natural  remains  have,  I 
Relieve,  ever  been  found  ;  but  some  of  the   flint  weapons  in  the 
Xiverpool  Museum  are  believed  to  have  come  out  of  this  seam, 
others  from  the  base  of  the  peat  above.     In  addition  to  the  flint 
"Weapons,  Mr.  Ecroyd  Smith  believes  it  to  contain  bones  of  Bos 
jprimigeniua  and  Megaceros  Hibernicua,  and  of  Cetacea ;  but  these 
Ix)ne8,  I  think,  possibly  are  those  that  were  foand  in  the  blue  silt 
resting  on  a  peat  bed  with  a  forest  on  its  surface,  in  excavating 
Wallasey  Pool  for  docks  in  1858,  and  which  have  been  described 
by  Mr.  T.  J.  Moore  in  the  "  Lancashire  Historic  Society's  Trans- 
actions."    In  this  case  they  are  more  probably  of  the  age  of  the 
Tellina  balthica  sand,  as  the  peat  in  Wallasey  Pool  no  doubt  belongs 
to  the  main  or  thick  peat  of  the  district,  which,  near  the  Birket, 
attains  a  thickness  of  nearly  20  feet.     In  this  peat  bones  of  horses, 
oxen,  and  deer  have  been  found,  as  well  as  great  numbers  of  Roman 
and  Saxon  coins,  and  in  one  portion  arrow-heads  of  stone,  shell, 
and  flint.     The  latter  substance  must   have  been  brought  to  the 
spot^  either  from  southern  counties  or  from  eastern  Yorkshire. 
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Great  numbers  of  coins  of  all  ages  are  constantly  being  picked  np 
on  the  North-Cheshire  beach,  most  of  which  are  no  doubt  washed 
out  of  the  main  peat  and  the  oyerljing  Bithynia  and  Tellina  sands. 
Amongst  those  preserved  in  the  Liverpool  Museum  are  some  of 
Nero,  Antoninus  Pius  (a.d.  138-160),  Marcus  Aurelins,  others 
struck  at  Carthage,  others  struck  by  Canute  and  bj  various  Eng- 
lish kings  from  William  I.  to  William  III.  Various  antiquities 
have  been  described  by  Dr.  Hume  from  this  coast  in  his  ''  Ancient 
Meols ;"  but  the  exact  position  from  which  they  were  derived  is  in 
almost  every  case  extremely  doubtful.  But  after  carefully  examin- 
ing all  the  objects  from  the  coast  of  Wirral  in  the  Liverpool 
Museum,  as  well  as  the  coast-section,  the  following  correlation  of 
historical  penods  with  the  geological  formations  appears  to  be 
warranted : — 

Present  time  to  Norman  Conquest  Sand  Dunes. 

Danes  and  Saxons       .....  Bithynia  tentaculata  Sand. 

Saxons Peat  and  Made  Earth. 

Saxons  and  Romans Tellina  baUhica  Sand. 

Romans  and  Celts C  Main  Peat. 

Celts \         „         lower  portion. 

Neolithic-weapons  race     ....  Lower  Blue  Silt. 

No  trace  of  man Lowest  Peat. 

These  extensive  peat  and  forest-beds  from  occupying  a  similar 
position  around  all  the  low  coasts  and  the  entrance  to  almost  all 
the  larger  rivers  of  England  and  Wales,  must  belong  to  the  same 
episode  in  post-Glacial  history,  during  which  continental  conditions 
prevailed. 

Valleys  op  the  Irwell  and  Upper  Mersey. — So  far  back 
as  1847,  Mr.  Binney,  F.R.S.,  described  the  occurrence  of  terraces 
of  coarse  gravel  with  beds  of  sand,  occasionally  stratified,  on  the 
sides  of  the  three  great  valleys  near  Manchester,  and  he  gave  a 
section  across  the  valley  of  the  Irwell,  from  Pendleton  to  Kersall 
Moor,  showing  that  valley  to  have  been  mainly  excavated  at  that 
point  in  the  Glacial  Drift.  The  valley  of  the  Irk,  between  Crump- 
sail  and  Harpurhey,  is  also  cut  through  the  Drift,  with  terraces  of 
Drift  at  the  bottom,  on  the  New  Red  Sandstone  'and  Coal 
Measures ;  but  in  the  narrower  part  of  the  valley  further  south, 
the  alluvial  terraces  disappear,  but  come  on  again  where  the 
stream  falls  into   the   Irwell.      The   Medlock    at  Bradford  and 
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Berwick  is  also  cat  oat  of  Glacial  Drift, 
down  to  the  Coal  Mcasnres,  and  on  the 
south  side  of  the  stream  at  Ardwick 
commences  that  great  sheet  of  allavial 
terraces  which  extend  through  Hulme, 
Manchester,  and  8alford,  along  the  course 
of  the  Irwell.  Mr.  Binney,  like  all  other 
geologists  of  that  period,  in  this  paper 
refers  the  formation  of  these  valleys  in 
the  Glacial  Drift  to  the  action  of  the 
sea,  believing  the  present  streams  to  be 
inadequate  to  the  work. 

In  1862  Mr.  Binney  exhibited  a  map 
of  the  Drift  Deposits  around  Manchester, 
showing  the  Valley  Gravels,  and  de- 
scribed the  highest  terrace  in  the  Irwell 
valley  as  occurring  below  Barr  Hill,  86 
feet  above  the  present  river;  another 
terrace  occurring  at  40  feet  near  to 
Pendleton  Colliery,  where  there  is  a 
good  section  of  it,  which  with  many 
others  in  the  district  Mr.  Binney  was 
good  enough  to  show  me  in  January 
last.  I  was  particularly  struck  with 
the  section  at  Clifton  Junction,  where 
about  40  feet  of  bedded  gravel  abuts 
against  an  old  cliff  of  Glacial  Sands  and 
Gravel,  which  it  so  closely  resembles 
that  it  was  not  until  Mr.  Binney  had 
shown  me  a  great  number  of  sections 
throwing  light  upon  it  that  I  was  con- 
vinced of  the  correctness  of  his  conchi- 
sion.  But  the  resemblance  can  readily 
be  understood  when  it  is  remembered 
that  these  Valley  Gravels  are  merely 
re-assorted  Boulder  Beds  and  Gravels, 
made  up  of  erratic  fragments  derived 
from  the  Lake  District;  and  when  the 
frequent  occurrence  of  shells  of  recent 
species  in  the  Lancashire  Middle  Gravels 
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is  conBidered,  it  is  not  at  all  remarkable  that  a  few  isolated  marine 
shells  shoald  be  foand  in  these  flnyiatile  Yallej  Qravels^  as  the 
Cardium  edule,  discoYered  bj  Mr.  Ban*  at  Stockport. 

The  river  Irwell  below  Kersall  Moor,  near  the  Manchester  race- 
course, has  changed  its  course,  as  proved  by  old  plans,  during 
the  last  two  hundred  or  three  hundred  years,  several  acres  of 
Salford  now  being  on  the  Kersall  side,  and  about' the  same  area 
of  Kersall  on  the  Salford  side  of  the  river  ;  for,  as  pointed  out  by 
Mr.  Binney,  there  can  be  no  doubt  that  the  river  was  once  the 
boundary  of  the  two  townships.  Under  the  lowest  terrace,  or 
rather  at  the  boitom  of  the  alluvial  flat  below  the  terraces,  peaty 
beds  and  trunks  of  large  oak  trees  occur  in  several  sections,  resting 
on  about  six  feet  of  river  gravel. 

Professor  Hull,  F.B.S.,  in  1863  described  the  great  terrace  about 
40  feet  above  the  alluvium  of  the  Mersey,  which  rests  on  Boulder 
Clay,  and  is  seen  in  the  pits  of  Cheadle,  Didsbury,  Bromyhnrst,  and 
Barton  Grange,  where  it  underlies  the  thick  peat  of  Barton  Moss. 
From  Didsbury  the  Gravel  may  be  traced  through  Withington, 
Hulme,  Old  TrafiFord,  Patricroft,  and  through  the  great  plain 
lying  between  the  banks  of  the  Irwell  and  Mersey,  and  extending 
into  Cheshire  as  far  as  Timperley  and  Altrincham.  Neither  in  the 
terrace,  or  in  that  of  Lower  Broughton,  six  feet  above  the  present 
alluvial  flat,  which  is  still  liable  to  floods,  could  Professor  Hull 
find  any  organic  remains. 

At  Grundy  Hill,  east  of  Didsbury,  50  feet  above  the  Mersey, 
Professor  Hull  discovered  the  following  section : — 

Feet. 

1.  Fine  laminated  White  Sand        .         .         ,2 

2.  Layer  of  peaty  matter,  with  birch  or  hazel .       ^ 
8.  Dark  laminated  Clay  .         .         .         .6 
4.  Boulder  Clay. 

The  laminated  clay  No.  3  was  believed  to  be  **  warp,"  formed 
when  the  river  had  a  broader  spread  across  the  valley,  and  deposited 
the  high  terraces. 

Between  Worsley  on  the  north  and  Altrincham  on  the  south,  the 
breadth  of  the  terrace  is  seven  miles,  and  the  present  river  valley 
60  to  60  feet  beneath  the  highest  part  of  it. 

From  the  investigation  of  the  South  Lancashire  Valley  Gravels 
it  would  appear  that  (I)  the  Upper  Mersey  and  its  tributaries 
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were  mainly  pre-Glacial ;  that  (2)  daring  the  Glacial  Epoch  they 
became  filled  np  with  Bonlder  Claj  and  interbedded  sands  ;  that 
(8)  since  the  period  of  extreme  cold  and  the  re-elevation  of  the 
land,  they  have  been  re-excayated  by  the  existing  rivers,  which 
bATe  left  marks  of  their  former  higher  levels  in  the  terraces,  lying 
on  snccessive  heights  on  the  sides  of  the  valleys,  the  higher  and 
older  terrace,  in  some  cases,  being  as  much  as  100  feet  above  the 
present  level  of  the  streams ;  and  that  (4)  immediately  before  the 
deposition  of  the  allavinm  of  the  present  alluvial  plain,  but  after 
most  of  the  valleys  had  been  cut  down  as  low  as  they  are  at  present, 
a  period  of  obstruction  of  drainage  took  place,  and  peaty  beds  were 
formed  in  the  bottom  of  the  valleys  at  the  same  time  that  the  great 
''  mosses  '^  of  West  Lancashire  came  into  existence. 

Comparing  the  sequence  of  deposits  of  the  whole  of  the  valleys 
and  plains  of  West  Lancashire,  the  major  part  of  all  the  valleys 
appear  to  have  been  excavated  between  the  era  of  elevation  of  the 
surface  of  the  Boulder  Clay  into  land  and  the  time  when  the 
maximum  of  that  elevation  was  reached,  when  the  Isle  of  Man 
formed  a  link  in  a  chain  of  continuous  plains,  stretching  between  the 
north-west  of  England  and  Ireland,  which  plains  afterwards 
became  peat-covered,  and  by  a  succession  of  small  subsidences 
perhaps  not  yet  completed,  were  let  down  beneath  the  Irish  Sea. 

Investigation  of  the  valley  deposits  of  Central  England  point  to 
the  large  amount  of  denudation  which  has  gone  on  since  the  close 
of  the  Glacial  Epoch,  and  prove  the  post-Glacial  age  of  the 
terraces  hanging  on  the  sides  of  those  valleys,  as  those  of  the 
Trent  at  Burton,  described  by  Mr.  Molyneux,  F.G.S.,  and  in 
many  valleys  further  south. 

Valley  of  the  Avon.— Mr.  T.  G.  B.  Lloyd,  C.E.,  F.G.S.,* 
describing  the  valley  of  the  Avon,  mentions  terraces  of  fresh- 
water   deposits,  consisting  of  quartzose  flinty  gravel  and  sand, 
Containing  land  and  freshwater  shells  and  mammalian  remains, 
obtaining     their     maximum     superficial     development     between 
Evesham  and  Tewkesbury,  having  a  width  of  about  a  mile  and 
^-balf,  and  rising  about  three  feet  in  height  above  the  ordinaij 
alluvial  plain.     In  the  Gravel  Pit  near  Little  Comberton  occurred 
^lie    fine   tusk  of  Hippopotamus   majoi^   now  in  the  Worcester 
^iuseum.     The  lower  part  of  the  section  was  found  by  the  Rev. 

*  Qnart.  Jonrn.  Geol.  Soo.,  Vol.  xxvi.,  p.  202. 
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W.  Parker  to  consiBt  of  freshwater  sbell  j  clays,  and  in  the  gravels 
above  were  erratic  fragments  derived  from  the  Boolder  Beds ;  so 
that  it  is  clear  that  the  whole  series  are  of  freshwater  origin,  and 
of  po8t-Glacial  date,  though  in  some  cases  they  are  as  high  as  40 
feet  above  the  river.  Mr.  Lloyd  describes  these  terrace  beds  as 
being  absent  in  the  valley  of  the  Severn  between  Shrewsbury 
and  Tewkesbury,  the  marine  shells  and  bones  of  Rhinoceros  tichor" 
hinus  and  EUphaa  primigeniua  that  have  been  recorded  having  been 
derived  from  the  Boulder  Clay  and  other  Glacial  deposits. 

Having  described  the  probable  age  of  the  valley  deposits  of  a 
large  tract  on  the  west  side  of  England,  where  their  relation  to  the 
Glacial  Epoch  is  observed,  and  the  occurrences  of  neolithic  im- 
plements, relegated  to  the  beginning  of  the  formation  of  the  lowest 
alluvial  plain  of  all,  it  may  be  well  to  notice  those  sections  in  the 
east  of  England  where  palseolithic  implements  occur  in  valley 
deposits,  the  relation  of  which  to  the  underlying  Boulder  Clay 
and  other  glacio -marine  deposits  is  clear. 

At  Hoxne,  near  Diss  in  Norfolk,  Professor  Prestwich  has 
described  the  occurrence  of  high  level  gravels  with  flint  imple- 
ments, resting  on  sand  and  gravel  with  implements,  the  bones 
of  Mammalia,  and  fresh-water  shells,  lying  on  peat  and  clay,  the 
whole  scries  occupying  a  hollow  or  filled  lake  or  water-course  in 
the  Boulder  Clay. 

At  Bedford,  in  the  ancient  high-level  gravel,  lying  in  a  valley 
which  has  been  cut  through  a  thick  bed  of  Boulder  Clay  and  into 
the  Oolitic  strata  entirely  since  the  Glacial  Epoch,  occurred 
numerous  flint  implements  of  the  French  or  St.  Acheul  type,  des- 
cribed by  Messrs.  Prestwich,  Wyatt,  and  Evans.  Here  since  the 
Boulder  Clay  extended  across  the  valley  from  side  to  side,  the  rain 
has  cut  down  this  valley  two  miles  in  width,  and  to  a  great  depth, 
so  that  the  valley  is  as  clearly  post-Glacial  as  those  in  the  north, 
where  no  palaeolithic  implements  have,  as  yet,  been  found. 

In  the  Lake  District  of  Cumberland  and  Westmoreland  traces 
of  high-level  river  terraces  are  generally  absent,  or,  if  present 
modified  by  late  glacier  action ^  and  I  think  from  the  large  size  of 
many  of  the  blocks  in  terrace  gravels  of  Lancashire,  they  are  pro- 
bably ice-borne,  and  that  the  climate  of  the  north-west  of  England, 
during  the  first  re-excavating  of  the  valleys,  was  too  cold  to 
be  inhabited  by  man,  which  accounts  for  the  absence  of  implements 
of  old  type  in  the  terrace  gravels  there.  Which  fact,  if  true,  forms  an 
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important  link  in  the  chain  of  phenomena  hj  which  I  hare  endea- 
Toured  to  correlate  the  sequence  of  conditions  obtaining  in  the 
north-west  of  England,  with  those  which  occurred  in  the  south. 

Vallbt  of  the  Thames. — Professor  Ramsay  has  well  shown 
how  the  great  elevation  of  new  mountains  on  the  flanks  of  the 
older  Alps,  at  the  close  of  the  Miocene  period,  gave  the 
Secondary  strata,  lying  until  then  in  horizontal  continuity 
orer  what  is  now  England  and  France,  their  existing  low  tilt 
or  dip  to  the  liorth-west.  Which  tilt  gave  the  initial  north- 
westerly direction  to  the  existing  rivers  of  northern  France, 
the  Loire,  the  Seine,  the  Mame,  and  the  Oise ;  and  by  causing 
the  Chalk  of  England  to  form  a  gentle  slope  towards  the  hilly 
country  of  Wales  and  Herefordshire,  forced  the  Severn  to  run 
in  a  southerly  direction,  and  established  the  first  beginning  of 
the  great  Chalk  escarpment  that  has  since  been  cut  so  far  back  by 
snlMBrial  causes.  But,  before  it  was  cut  back  any  great  distance, 
farther  disturbances  of  the  strata  took  place  to  the  east  of  it, 
^ving  the  Chalk  and  overlying  Eocene  strata  a  decided  tilt  to  the 
eastward,  which  caused  the  drainage  of  the  Chalk  area  to  flow  away 
eastward.  The  Thames  then  came  into  existence,  and  commenced  to 
cut  for  itself  a  valley  through  the  Chalk,  the  escarpment  of  which 
continued  to  gradually  recede  eastward,  and  from  overhanging  the 
Talley  of  the  Severn  (which,  as  the  Oolitic  escarpment  also  retreated 
eastward)  gradually  widened,  gaining  in  extent  at  the  expense  of 
the  Thames,  which  gradually  contracted  its  drainage  area. 

The  gradual  eastward  retreat  of  the  Chalk  escarpment  at  length 
bared  the  edges  of  the  Oolitic  strata,  which  had  already  obtained 
their  south-easterly  dip  before  the  deposition  of  the  Cretaceous 
strata,  which,  being  of  unequal  hardness,  formed  another  line  of 
escarpments  which  also  commenced  retreating  eastwards,  but  at  a 
far  slower  rate  than  the  more  readily  soluble  Chalk,  the  distance 
between  the  Oolitic  escarpment  of  the  Cotteswolds,  and  the  Chalk 
escarpment  to  the  east  of  them,  having  gradually  increased  from 
that  day  to  this,  and  the  process  being  still  in  existence,  so  that 
the  time  must  come  when  the  Oolitic  escarpment  forming  the 
present  Cotteswolds  will  have  retreated  so  far  eastward  that  the 
lai^r  portion  of  what  is  now  the  valley  of  the  Thames,  will, 
through' the  travelling  of  the  water-shed  towards  the  sea,  become  a 
part  of  the  valley  of  the  Severn. 

0 
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The  Chalk,  resting  on  the  Oolites  with  a  south-easterly  dip,  was 
at  length  cat  down  by  the  retreat  of  the  escarpment  to  a  point 
relatively  lower  than  the  newly-formed  Oolitic  escarpments  to  the 
west  of  it,  which  allowed  all  the  water  falling  on  tlie  surface  of 
the  Oolites  between  their  escarpment  to  the  west,  and  the  Chalk 
escarpment  to  the  east,  to  flow  down  the  dip  of  the  Oolites,  and  into 
the  Thames  valley  excavated  in  the  Chalk,  which  was  gradually 
deepened  as  the  escarpment  increased  in  height,  so  that  in  time  it 
was  entirely  breached  by  the  river  which  flowed  through  it. 

The  map  of  the  Geological  Survey,  with  London  in  the  centre, 
includes  the  principal  portion  of  the  Valley  of  the  Thames,  and  I 
have  taken  it,  and  the  Superficial  Deposit  edition  of  Sheet  7^ 
and  the  '*  Ordnance  Contour  Map"  published  by  the  Royal  Bivers 
Commission,  as  the  basis  of  the  following  observations. 

The  chief  source  of  the  Thames  is  about  600  feet  above  the  sea; 
from  it  to  the  800  feet  contour  the  stream  descends  a  horixontal 
distance  of  nine  miles,  and  11  miles  more  to  the  200  feet  contonr 
near  Lechlade,  from  which  place  |o  the  point  where  the  river  flows 
through  the  Chalk  escarpment  at  Wallingford,  near  Stoke,  is  a 
distance  of  42  miles,  while  to  the  100  feet  contour  is  an  additional 
SO  miles,  which  is  reached  near  Great  Marlow,  from  which  the 
Thames  descends  75  feet,  at  London  Bridge  48  miles  further  on. 

The  top  of  the  Chalk  escarpment,  near  the  Thames,  is  about 
100  feet  lower  than  its  source,  so  that  supposing  the  valley  of  the 
Thames  not  to  have  been  excavated,  and  the  river  to  flow  along 
the  plain,  at  the  top,  the  stream  would  have  a  fall  of  100  feet  in 
62  miles — a  fall  very  similar  to  that  now  obtaining  between  the 
200  and  100  feet  contours,  which  are  72  miles  apart. 

Capping  many  of  the  flat-topped  hills  lying  between  the  valley 
of  the  Lea  and  the  escarpment  of  the  London  Clay  and  Plastic 
Clay,  overlooking  the  Chalk,  about  Rickmansworth,  Watford,  and 
St.  Albans,  are  the  Pebble  Gravels  of  probably  pre-Glacial  age.  It 
will  be  noticed  that  with  two  slight  exceptions  of  patches  of  grayel 
on  the  Plastic  Clay,  that  these  Pebble  Gravels  do  not  oc<}ur  in  the 
country  lying  immediately  north  of  the  escarpment.  The  Chalk  is 
overlaid  by  an  extensive  sheet  of  Middle  Glacial  Sands  and 
Gravels,  through  which  narrow  valleys  have  been  cut  exposing  the 
Chalk  beneath.  Here  and  there  small  outliers  of  Plastic  Clay 
occur,  remnants  marking  the  former  position  of  the  escarpment 
further  out  in  the  Chalk  plain,  but  what  is  very  important  is  the 
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fftct  that  on  tlie  top  of  one  of  these  ontliers  is  a  patch  of  the  old 
Pebble  Grayel ;  this  small  tract  is  about  a  mile  sonth  of  Amersham, 
and  quite  seren  miles  from  the  Plastic  Clay  escarpment. 

From  these  facts  it  is  difficult  to  resist  the  conclusion  that  the 
Pebble  Grayels  were  deposited  on  an  old  plain  of  Lower  Tertiary 
beds,  the  northward  portion  of  which  has  been  destroyed  by 
the  wearing  back  of  the  escarpment  to  its  present  position. 

Elastward  of  the  valley  of  the  Lea,  the  Pebble  Gravels  cap  the 
heights  of  Epping  Forest,  and  underlie  the  Boulder  Clay  east  of 
Epping  Station.  South  of  Brentford,  as  at  Hampstead  Hill,  these 
gravek  rest  on  the  Lower  Bagshot  Beds. 

In  the  valley  of  the  Thames  and  Lea,  that  is  to  say  on  the  slopes 
lying  above  the  alluvial  plains,  the  gravels  do  not  occur,  but  on 
the  south  side  of  the  valley,  two  outliers  remain  at  Shooters  Hill 
mni  Tel^raph  Hill,  Swancombe  Park,  to  testify  to  the  height  and 
lines  of  the  old  pre-Glacial  valley  of  the  Thames.  Whether  the 
old  gravels  capping  the  low  hil]s  about  Oatlands  Park,  and 
Virginia  Water,  belong  to  this  age  is  somewhat  doubtful,  but  they 
i^ipear  to  have  been  deposited  during  the  same  set  of  conditions. 

The  Middle  Sands  and  Gravels  spoken  of  as  occupying  the  Chalk 
area,  north  of  the  Watford  Escarpment,  lie  at  the  foot  of  it,  move 
transgressively  over  it>  and  are  found  far  away  on  the  London 
Clay  to  the  east,  and  are  consequently  of  newer  age  than  that  of 
the  escarpment.  On  the  other  hand  not  only  do  none  of  the 
Middle  Sands,  or  the  Boulder  Clay  occur  on  the  south  side  of  the 
Thames,  but  no  traces  occur  on  the  valley  slopes  on  the  north 
side.  The  most  southern  tract  of  the  large  mass  of  Boalder  Clay 
between  Brentwood  and  Epping  is  that  at  Havering-atte-Bower, 
which  is  about  a  mile  and  a  half  north  of  the  termination  of  the 
Thames  Gravel  of  Romford,  the  level  of  the  latter  gravel  being 
about  60ft.,  and  of  the  Boulder  Clay  more  than  SOOft.  A 
most  interesting  relation  of  the  Glacial  Deposits  is  well  shown 
on  the  Survey  map,  where  the  Middle  Sands,  covering  a  large 
area,  at  Black  Park  and  Stoke  Common,  west  of  Uxbridge, 
extend  to  within  a  quarter  of  a  mile  of  the  Thames  Gravel  of 
Stoke  Pogis  and  Famham  Koyal,  and  within  five  miles  of  the 
Thames  at  Windsor,  and  separated  froni  the  gravels  by  the  scarp 
of  London  Clay,  which  is  shown  in  the  Horizontal  Section  of  the 
Geological  Survey,  Sheet  74. 

From  the  abrupt  manner  in  which  the  southern  extension  of  the 
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Glacial  deposits  is  cut  off,  there  can  be  little  doubt  that  the  older 
slope,  on  which  they  rest,  has  been  denuded  away  since  the  time 
of  their  deposition,  or  in  other  words  that  the  valley  of  the  Lower 
Thfftnes,  with  its  various  sheets  of  terrace  and  alluvial  gravels  is 
newer  than  these  Glacial  deposits.  From  the  fact  of  the  latter 
being  sparingly  represented  immediately  north  of  the  Thames 
Valley,  their  thinning  out  southwards,  and  their  entire  absence 
south  of  the  valley,  one  must  conclude  their  southern  Kmit  on  the 
prc-Glacial  plain  would  nearly  correspond  to  the  course  of  the 
existing  river  Thames. 

It  has  already  been  shown  that  the  river  to  flow  over  the  Chalk 
escarpment  from  the  lowest  of  its  several  sources,  would  only  have 
a  very  slightly  greater  angle  of  fall  than  it  has  between  the  200 
and  100  feet  contours,  lying  respectively  on  the  landward  and 
seaward  side  of  the  Chalk  escarpment;  but  it  is  evident  from 
the  levels  of  the  top  of  the  Thames  Gravels  between  Windsor 
and  Stoke  Pogis,  where  the  valley  is  only  four  miles  wide,  that  a 
considerable  portion  of  the  gorge  through  the  escarpment  has 
been  excavated  since  these  gravels  first  commenced  to  be  deposited, 
and  since  the  denudation  of  the  southern  edges  of  the  Middle 
Drift.  When  the  former  channel  of  the  Thames,  where  it  flowed 
through  the  Chalk  escarpment,  was  only  as  high  above  ita  pre- 
sent level,  as  the  Stoke  Pogis,  and  Acton  gravels  are  above 
its  present  level,  the  river  must  have  had  100  feet  fall  more  than 
at  present  between  the  Chalk  escarpment  and  the  sea. 

The  Thames  Gravel  Professor  Prestwich  described  in  1857*  as 
consisting  of  angular  flints,  and  other  pebbles  exhibiting  a  want 
of  roundness,  indicating  an  absence  of  marine  action,  associated 
pebbles  of  quartz,  and  various  semi-crystallino  rocks,  rolled  into 
pebbles  during  tlie  New  Red  Sandstone  period,  and  derived  frcim 
the  Drift,  as  pointed  out  by  Dr.  Buckland,'|'  who  traced  the  frag- 
ments in  the  Warwickshire  Drifts,  to  their  parent  source  in  the 
Bunter  conglomerates  of  Cannock  Chase.  The  presence  of  these 
pebbles  in  the  Dartford  gravels  was  noted  as  long  ago  as  1858  by 
]Mr.  Tiininier,J  who  pointed  out  the  terrace  arrangement  of  the 
ground  at  a  height  of  150  feet  above  the  tidal  level. 

*  *  Ground  b(  DPatb  up."  London.  1857.  Quart.  Joom.  Geol.  Soo.,  YoL  vi«,  p. 
201.     Vol.  xi.  p.  107     Vol.  xii..  p.  131. 

t  Quart.  JouTD.  G(ol.  Sec,  Vol.  i,  p.  310. 

t  'Ootbe  Oiigin  of  fbe  Soilp  which  cover  the  Chalk  of  Kent."  Paii.& 
Quart.  Jomn  Geol.  See.  Vol.  ix.,  1853. 
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In  1860,  Professor  Prestwicb  pointed  oat  that  these  terrace 
grmveb  "  are  the  results  of  river  action  at  a  period  before  tbe  ex- 
cayation  (?  deepening)  of  the  present  river  valleys/'  and  attributed 
the  transport  of  large  blocks  to  river-ice,  and  to  the  fact  that  the 
mers  were  larger  and  more  rapid  than  at  present,  as  proved  by 
the  coarseness  of  the  gravels  and  the  absence  of  sand  ;  flint  imple- 
ments appear  to  be  most  common  where  re-action  is  stronger.     ' 

In  the  low-level  gravels,  implements  are  absent,  and  Professor 
Prestwich  attributes  this  partly  to  those  found  in  the  high-level 
gravels  being  used  as  ice  chisels,  while  the  low-level  beds  were 
deposited  when  warmer  conditions  prevailed  in  the  period  imme- 
diately following  the  high-level  or  terrace  gravels.  That  these 
yarious  gravels  were  deposited  by  the  existing  river,  there  is  ample 
eyidence  to  show,  and  that  the  higher  terraces  were  deposited 
when  the  river  Thames  had  not  cut  down  its  valley  as  low  as  at 
present,  and  of  more  ancient  date  than  the  sheet  of  gravel  occupy- 
ing the  lowest  plain.  But  exactly  what  the  conditions  were,  whea 
the  deposition  of  high-level  gravels  ceased,  appears  to  be  doubtful ; 
in  the  neighbourhood  of  London  there  is  a  decided  step,  or  belt 
of  London  Clay  between  the  two  sets  of  gravels,  first  indicated 
by  Mr  R.  W.  Mylne,  F.R.S.,*  and  since  proved  in  the  neighbour- 
hood of  the  New  Law  Courts,  by  Messrs.  Hudlestone  and  Price, 
in  a  paper  in  the  **  Proceedings"  of  this  Association.  This  bare  strip 
of  London  Clay,  expresses  a  change  in  deposition  during  which  the 
climate  ameliorated.  This  break  is  not  apparent  higher  up  the 
Talley,  as  in  the  Maidenhead  district,  where  the  low-level  and 
terrace  gravels  are  described  by  Mr.  Whitaker  as  similar  in 
character,  containing  occasionally,  as  pointed  out  by  Professor 
Prestwich,  pebbles  from  the  New  Red  conglomerates,  and  more 
ruvly  fragments  from  the  Oolites.  East  of  Maidenhead,  the 
gravels  have  a  width  of  four  miles,  while  to  the  west,  in  the  Chalk 
country,  they  are  restricted  to  a  breadth  of  from  three-quarters  of 
a  mile  to  two  miles.  Between  Marlow  and  Henley,  the  gravel  is 
mainly  made  up  from  the  debris  of  the  Chalk  itself ;  at  Hurley,  at 
a  depth  of  eighteen  feet,  occurred  a  large  number  of  mammalian 
remains,  including  the  hippopotamus  and  the  cave  tiger.  Similar 
mammalian  deposits  occur  at  Brentford,  on  the  seaward  side  of 
London,  associated,  as  long  since  pointed  out  by  Professor  Morris, 
with  fluviatile  shells,  which  he  believes  lived  near  the  spot.  The 
ynftmrnftliftfi  fauna  of  the  gravels  near  Kew  Bridge,  described  by 

•  "Ctaologioal Mip of  London," Stanford,  London,  18&\« 
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Trimmer  and  Morris,  belong  to  the  mid-terrace.  In  the  higher 
terraces  of  the  neighbourhood  of  Acton  and  the  Thames,  lying 
beneath  the  100  feet  contour,  Colonel  Fox  has  obtained  a  large 
number  of  flint  implements,'  associated  with  a  tree  belieyed  to  be 
Pinna  sylveatris  by  Mr.  Carruthers,  and  Elephcts  primigenha 
identified  by  Professor  Busk,  the  only  tooth  of  that  species  found 
in  the  high>terrace,  the  fauna  obtained  from  the  mid-terrace  by 
Professor  Morris  occurring  beneath  the  strip  of  London  Clay 
before  alluded  to.  The  flint  implements  occurred  in  the  mid-terrace 
of  Brentford  and  Tumham  Green,  Hammersmith,  described  by 
Colonel  Fox,  or  at  the  40  feet  terrace  of  the  New  Law  Courts, 
described  by  Mr.  Hudleston  ;  and  in  fact  no  flint  implement  of  the 
Drift  type  has  been  recorded  from  any  gravels,  below  the  fifty  feet 
contour,  except  those  that  have  been  found  in  the  bed  of  the 
Thames  itself. 

The  Thames  Grayel  rests  nnconformably  on  the  Hford  Brick- 
earth,  as  is  well  seen  in  the  Uphall  brickfield,  where  the  brick- 
earth  thins  out  eastward,  and  is  succeeded  conformably  by  bright- 
yellow  freshwater  sands,  which  contained  the  tusk  of  Elephas 
primtgenius,  the  Thames  Gravel  overlying  both  the  deposits.  North- 
wards the  gravel  increases  in  thickness  to  fifteen  feet  at  Uford 
Station,  balf-a-mile  cast  of  which  the  brick-earth — Lower  Brick- 
earth  of  Mr.  S.  V.  Wood,  junr. — again  crops  to  the  surface  at  the 
London  Road  field.     At  Erith  it  has  a  thickness  of  nearly  30  feet. 

Mr.  Gwyn  Jeff'erys  has  pointed  out  the  northern  character  of  the 
shells  Helix  i^deratay  and  H.  fnicticum,  occurring  at  Uford,  which 
deposits  may  correspond  to  terrace  gravels  higher  up  the  Thames, 
containing  the  remains  of  the  musk  ox,  first  discovered  by  Sir 
John  Lubbock,  and  identified  by  Professor  Owen,  in  gravel  which 
Mr.  Whitaker  considers  to  be  a  terrace  gravel  above  the  gravel  of 
the  river  plain. 

The  sbcU-bearing  sands  occurring  at  several  points  between 
London  and  the  sea,  are  of  far  newer  date,  being  apparent  local 
deposits  of  a  period  immediately  succeeding  the  gravels  of  the 
lowest  plain,  and  preceding  the  growth  of  peat. 

The  deposit  of  bright  yellow,  red,  and  grey  sands,  with  occa- 
sional seams  of  gravel  found  under  Pall  Mall  and  Spring  Gardens,. 
probably  belong  to  the  same  period  as  the  Cyrena  fluminalis  bed^ 
of  Grays,  for  they  contain  a  small  variety  of  the  latter  shell,  and^ 
a  plentiful  manmialian  fauna.     The  dwarfed  form  of  the  Cyrew^ 
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Biaj  possibly  be  due  to  the  incoming  of  brackish  water,  which  idea 
isy  to  some  extent,  borne  oat  by  the  presence  of  rolled  Thanet 
Saod  fossils,  in  the  ferraginous  gravels  associated  with  the  sands, 
iqggesting  a  cnrrent  from  the  east,  but  the  bed  immediately  below 
is  foil  of  ordinary  freshwater  shells,  as  Succinea  and  Lymnea.  The 
base  of  these  sands  at  Gockspur  Street,  rests  on  the  London  Clay, 
at  a  lerel  of  probably  less  than  10  feet  below  the  Ordnance 
Datom-line. 

In  Lancashire  there  is  ample  evidence  that  a  subsidence  took 
place,  after  the  main  valleys  had  been  cut  as  deep  as  they  are  at 
present,  daring  which  post-Glacial  marine  beds  were  thrown  down, 
which  era  was  immediately  succceeded  by  a  slight  elevation,  accom- 
panied by  obstruction  of  drainage.  In  the  valley  of  the  Thames, 
a  similar  sequence  would  appear  to  have  occurred.  The  Pall  Mall 
and  Grays  beds,  corresponding  to  the  Shirdley  Hill  Sands  and 
Presall  Shingle. 

Professor  Morris  describes  the  Upper  scries  of  beds  at  Grays,  con- 
sisting of  false-bedded  unfossiliferous  sands  and  brown  clays,  as 
formerly  being  seen  resting,  in  clear  sections,  on  the  Lower  or  fossili- 
feroos  zone,  comprising  the  gravel  and  overlying  brick-earth,  in 
which  the  remains  of  Cyrena^  Paludina,  &c.,  occur,  and  expresses 
his  opinion  that  *<  the  deposit  at  Grays  may  be  mainly  due  to  the 
action  of  a  river  flowing  through  a  valley  which  it  has  partially 
ezcayated,  in  the  Lower  Tertiary  and  Upper  Chalk  beds,  and  most 
probably  posterior  to  the  Boulder  Clay  period.'*  Previously  to  1857, 
the  late  Sir  Charles  Lyell,  whose  loss  we  can  hardly  realize,  and  so 
deeply  deplore,  believed  these  beds  to  be  pre- Glacial,  and  older  than 
those  of  Brentford,  but  he  in  that  year  stated  his  uncertainty  as  to 
their  age. 

Mr.  S.  V.  Wood,  jun.,  in  1866,  described  the  Grays  deposits  as 
consisting  of  15  feet  of  blue  clay,  overlain  by  20  feet  of  false-bedded 
sandf  and  believes  it  to  be  later  than  his  Upper  Brick-earth  over- 
lying the  Thames  Gravel,  which  was  faulted  by  a  dislocation, 
followed  by  denudation  which  destroyed  all  the  southern  slope  of 
the  Thames  Valley  east  of  London,  with  the  exception  of  a  rem- 
nant forming  Shooters  Hill.  Mr.  Wood  pointed  out  that  the 
greater  part  of  the  Grays  brick-earth  partly  overlies  the  gravel 
of  the  lower  terrace,  which  is  continuous  with  that  of  the  valleys 

•  "  Geological  Magasine,"  Vol.  iv.,  p.  64. 
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of  tbe  Darent  and  the  Cray,  and  which  is  beneath  the  higher 
terrace  of  the  brickfield  at  Crayford. 

The  gravel  of  the  lowest  plain  at  London,  and  seawards,  is  here 
and  there  overlaid  by  allaviam,  near  the  base  of  which,  on  the  sea- 
ward side,  is  a  deposit  of  peat,  which  occasionally  crops  to  the  surface, 
as  in  the  Surrey  Commercial  Docks,  which  I  had  lately  the  oppor- 
tunity of  visiting,  where  the  peat>  with  trees,  rests  on  the  low- 
level  gravel.  In  the  Crossness  Outfall  boring,  6^  feet  of  peat  oc- 
curred beneath  9  of  alluvium.  At  Deptford  the  peat  was  10  feet  in 
thickness,  and  in  a  well  at  Erith,  no  less  than  20.  At  Greenwich 
Marsh  8^  feet  of  peat  occurred  in  the  centre  of  20|  fee€  of  al- 
luvial clays,  resting  on  sand  and  gravel. 

From  this  it  is  evident,  that  the  peat  underlying  the  recent 
Thames  alluvium,  is  much  newer  than  the  most  recent  of  the 
Thames  Gravels  which  underlie  it,  in  a  manner  similar  to  that  in 
which  the  marine  Presall  Shingle  and  old  river  gravelii  underlie 
the  peat  of  Lancashire.  Colonel  Lane  Fox  points  out  that  the  pre- 
Roman  station  at  Dorchester  Dykes  at  the  junction  of  the  Isis 
with  the  Thames,  proves  that  the  latter  river  ran  its  present 
course,  and  under  nearly  the  same  conditions  during  the  Bronze 
period  as  at  present.  At  the  mouth  of  the  Brent  at  Kew,  and  at 
Barnes  on  the  opposite  bank,  piles  of  ancient  river  habitations 
occur,  associated  with  a  number  of  flint  celts,  and  dolichocephalic 
skulls  of  a  form  believed  to  have  belonged  to  the  earliest  inhabitants 
of  these  islands,  and  Colonel  Lone  Fox  comments  on  the  enor- 
mous periods  of  time,  since  the  river  excavated  its  valley — four 
miles  and  a  half  in  width — from  the  100  feet  contour  down  to  its 
present  level,  which  has  practically  been  unchanged  for  the  last  two 
thousand  years.. 

From  an  examination  of  the  sections  that  have  been  exposed 
during  the  last  seven  years,  in  making  the  double  line  of  the 
London  and  North  Western  Railway,  between  Hertfordshire  and 
Lancashire,  I  have  been  led  to  believe  that  the  sands  and  overlying 
Boulder  Clays  are  of  the  same  age  in  the  one  county  as  in  the  other; 
but,  whether  this  be  so  or  not,  it  is  certain  that  these  deposits  repre- 
sent the  close  of  the  Glacial  submergenco,  and  that  this  submergence 
of  the  land  lessened  in  extent  southwards,  so  that  the  whole  of  the 
country,  south  of  the  Thames,  was  a  long  island,  as  suggested  by 
Mr.  Godwin  Austin.  The  Glacial  deposits  probably  extended  fur- 
ther south  than  we  now  find  them,  having  been  removed  by  that 
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Jayiatile  denadation  which  has  excavated  the  lower  valley  of  the 
Thames  since  the  era  of  the  Boulder  Clay.  Professor  Prestwich 
has  shown  that  there  is  good  reason  to  believe  that  the  elevation 
of  the  dome  of  the  Weald  commenced  during  the  Thanet  Sand 
period,  so  that  the  escarpment  of  the  North  and  South  Downs  may 
well  have  begun  to  be  formed  at  the  commencement  of  the  Tertiary 
epoch. 

Looking  at  all  the  observed  facts,  it  appears  (1)  that  the  .whole 
of  the  lower  portion  of  the  Thames  Valley  was  excavated  since  the 
deposition  of  the  Upper  Drift  or  Boulder  Clay  ;  that  (2)  as  the 
valley  was  gradually  cut  down,  gravels  were  deposited,  and  in  still 
later  times  gravels  and  brick-earths.  One  of  the  earliest  brick-earths 
that  has  been  preserved  from  denudation,  being  the  Lower  Brick- 
earth  (x  4'  of  Mr.  Searles  Wood,  Jun.)  of  Ilford.  The  gravel  over- 
lying, Mr.  Wood  believes  to  have  been  formed  by  the  sea,  but  from 
its  character,  its  gradual  descending  slope  and  other  reasons,  I  think 
it  is  more  probably  fluviatile,  formed  when  the  Thames  was  a  tribu- 
tary to  the  Rhine,  and  the  united  rivers  flowed  over  the  plains  of 
the  Oerman  Ocean.     After  which  an  era  of  obstruction  of  drain- 
age occurred,  trees  grew  at  the  bottom  of  the  valley,   and  were 
followed  by  a  growth  of  peat.     Before  comparing  these  sequences 
irith  that  described  in  the  North  of  England,  it  may  be  well  to  see 
irhst  light  is  thrown  on  the  relation  of  the  two  by  an  examination 
•of  the  valley  deposits  of  the  South  of  England. 

Valley  op  the  Mbdway. — Messrs.  Topley  and  Porster,  in  their 
paper  "  On  the  Superficial  Deposits  of  the  Valley  of  the  Medway," 
describe  river  gravels  as  occurring  ^t  all  heights  in  the  valley  of 
that  river,  from  the  present  alluvial  plain  to  800  feet  above  it,  and 
it  is  impossible  to  draw  a  line  between  the  higher  and  the  lower 
gavels,  and  the  former,  like  the  latter,  consist  of  pebbles  derived 
^m  the  Wealden  Area.  Between  Allington  and  Aylesford  there 
is  a  terrace  20  to  30  feet  above  the  present  stream  ;  further  down 
the  Medway  Valley,  near  Aylesford,  there  is  a  40  feet  terrace,  in 
^hich  occurs  the  well-known  Mammalia-bearing  gravel-pit  near  the 
church.  At  the  top  of  a  hill  near  Maidstone  Gaol  occurs  a  terrace 
at  200  feet,  and  half-a  mile  east  of  East  Mailing  Heath  gravel 
occors  at  300  feet  above  the  Medway.  Mr.  Topley  comments  on 
the  fall  of  these  terraces  down  the  valley  being  more  rapid  than 
tbat  of  the  present  stream,  and  remarks  that  Professor  Prestwich 
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had  observed  the  same  fact  in  the  valley  of  the  Waveney  (Phil. 
Trans.,  1864,  p.  252),  and  Mr.  Bristow  in  the  terraces  of  the 
Thames  Valley.  Messrs.  Topley  and  Forster  point  ont  that  as  the 
gravels  are  found  at  all  levels  up  to  300  feet^  the  river  has  deepened 
its  bed  gradually,  and  that  no  agents  but  rain  and  rivers  have  been 
at  work  in  the  Med  way  basin  since  the  river  ran  at  the  300  feet  level, 
and  show  how  large  an  area  has  been  denuded  in  that  basin  since 
that  period.  And  they  state  their  belief  that  the  Wealden  Area 
was  never  under  water  during  the  Glacial  Epoch. 

South-east  Coast. — At  the  top  of  the  West  Clifif  at  Folke- 
stone, at  an  elevation  of  114  feet  above  the  sea,  occurs  the  deposit 
known  as  the  Battery  or  Elephant-bed,  the  eastern  extension  of 
which  is  cut  off  by  the  valley  terminating  at  the  Harbour,  at  the 
bottom  of  which  alluvial  beds  rest  on  a  peaty  seam.  To  the  west 
the  Battery  deposit  thins  out  near  the  church  against  a  much  more 
recent  brick-earth,  which  caps  the  Lower  Greensand.  In  1866  I 
took  the  following  section  near  the  Battery,  partly  from  information 
received  from  Captain  Sweeney,  R.A.: — 

1.  Vegetable  Mould 

2.  Kentish  Bag  flagstones  of  old  Monastery 

3.  Clay  with  oysters,  bones  of  ox  (Mediaeval 

remains)      ...... 

4.  Small  Shingle 

5.  White   Loam,  with  Helix  condnna,  Su» 

ohlonga,  Terebratula^  &c.,  from  the 
Chalk ;  and  Ammonites  intenmptus  and 
fossils  from  base  of  Gault    .         .         .64 

6.  Large  angular  flints,  with  bones  of  Mam- 

malia, and  fragments  of  Gault  Junction- 
bed     .         .         .         .         .         «         .16 
Folkestone  Bed,  to  sea  level  .         .  95     0 

At  the  back  of  the  ground  occupied  by  the  Battery  is  the  Bayle 
Pond,  supplied  by  a  spring  in  the  calcareous  bed  No.  5,  of  which 
there  is  a  monkish  legend,  that  the  Lady  Abbess  by  incessant 
prayer  brought  the  water  up  the  hill.  From  the  Bayle  towards 
the  Town  Hall  the  ground  slopes  away,  and  the  Battery  deposit 
thins  out>  and  is  overlaid  by  the  later  brick-earth,  bat  I  discovered 
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another  fragment  of  the  deposit  in  an  excavation  for  some  cottages 
behind  the  Yiadnct,  the  section  being  as  follows  : — 

Ft.  in. 

1 .  Clay  with  few  angular  flints    .         .         .40 

2.  BandofDark  Clay  (Brick-earth  like  No.  1)    1     0 
8.  Clay,   partially  sandy  and  partly  calca- 
reous (equals  Bed  5  of  Battery  bed)      .     6     0 

4.  Flinty  gravels,  with  Chalk  fossils,  nodules 

of  oxide  of  iron   from  the  Grey  Chalk 
(equals  Bed  6  of  Battery)     .         .         .29 

5.  Folkestone  Beds  (visible)         •        .         .40 

There  can  be  little  doubt  that  the  Battery  and  Viaduct  sections 
are  the  ^  sole  remaining  fragments  of  an  old  fluviatile  alluvial 
deposit,  which  was  formed  before  the  present  valley,  separating  the 
east  from  the  west  cliff,  at  a  time  when  the  sea-cliffs  stood  far  out 
in  what  is  now  the  English  Channel,  and  at  a  time  when  the  Chalk 
escarpment  forming  the  North  Downs  had  probably  not  retreated 
quite  so  far  north  as  at  present.  The  escarpment  was  evidently 
breached  by  streams  flowing  off  the  downs  to  the  north  into  what 
may  be  called  the  Battery  River,  as  Upper  Chalk  Foraminifera 
have  been  recognised  by  Professor  Rupert  Jones  in  the  calcareous 
seam  'So,  5,*  and  the  large  Chalk  flints  in  the  lowest  bed  would  also 
point  to  an  Upper  Chalk  origin  ;  their  partial  angularity  would 
rather  suggest  their  having  been  transported  by  the  agency  of 
river  ice. 

In  the  more  recent  brick-earth  spread  over  the  Greensand  and 
Gault  plain  occur  remains  of  Bos  primigenius,  B,  uruSj  and  Siis, 
Helix  concinna,  Succinea  oblongay  and  other  land  and  freshwater 
shells. 

In  1863,  the  late  Dr.  Falconer,  V.P.R.S.,  wrote  some  notesfon 
the  bones  discovered  in  digging  the  foundation  of  the  Battery  at 
Folkestone,  now  in  the  Museum  of  the  Geological  Society,  and 
mentioned  a  section  of  the  beds  made  by  Lieut.  R.  Vetch,  R.E., 
consisting  of  made  earth  6in.  deep.  Whitish  loam,  used  as  brick- 
earth,  4ft.  Gin.  to  7ft.  6in.  Marl  and  flint  gravel,  with  fossil  bones, 
18in.  thick.     The  latter  Dr.  Falconer  described  as  unrolled  and 

•  Maokie  "  On  Folkestone  Elephant  Bed"  (Qaart.  Jonrn.  Geol.  Soo.,  Vol.  Tii., 

1851). 

t  "  PalflBsntological  Memoirs,  and  Notes  of  the  lato  Hugh  Falooner,  A.M., 
ILD,"  Edited  by  C.  Murchiaon,  M.D.,  F  JLS.,  p.  564. 
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as  all  being  of  the  same  mineral  condition,  and  as  belonging  to  the 
following  species  : — Hippopotamua  major  (Jiumerus^  anchylosed 
right  radius  and  li/na,  right  scapula,  axis,  and  three  cervical 
vertebrcB),  Cervus  megacerus,  Rhinoceros  probably  R,  leptorhinus, 
Elephas,  8p.  doubtful  {E,  primigenius,  and  E.  antiquus  occnr  at 
Folkestone).  Bison  prisons,  Cervus  tarandus.  Bos  priscus,  Sus 
(rolled  lower  jaw).  To  this  list  Professor  Boyd  Dawkins  adds  Uie 
following  species :  — C^nni^  elaphus.  Rhinoceros  tichorhinus ;  and 
in  Mr.  Mackie's  list,  is  also  Hycena  spelcea. 

South  Coast. — Professor  Prestwich,  in  1864,  expressed  his 
opinion  that  the  break  between  France  and  England  was  not  the 
result  of  the  last  geological  change,  but  that  the  Channel  had  existed 
certainly  during  the  period  of  the  formation  of  the  low-level  gravels, 
and  possibly  during  that  of  the  high-level,  of  the  Thames  and 
Somme  valleys. 

In  the  Sangatte*  raised  beach  he  found  in  1865  two  pebbles  of 
red  granite,  probably  from  Cotentin,  and  various  fragments  of  the 
Oolitic  series  of  the  Boulonnais,  which  he  considers  affords 
additional  support  to  his  view  of  an  open  channel  to  the  westward. 
Above  the  beach  are  20  to  80  feet  of  loam,  chalk,  and  flint  nibble, 
with  land  shells  (Loess).']' 

An  examination  of  the  Admiralty  Charts  of  the  English  Channel 
shows  that  there  is  no  part  of  the  English  Channel,  near  either  of 
the  lines  of  the  proposed  Tunnel,  deeper  than  30  fathoms,  which 
is  5^  fathoms  less  than  I  found  Lake  Windermere,  in  Westmore- 
land, to  be  on  sounding  it  last  year.  The  great  probability  that  the 
anticlinal  axis  of  the  Weald  formerly  extended  across  the  Channel 
to  France,  and  marked  the  old  water-shed,  renders  it  almost  cer- 
tain that  streams  flowing  north,  towards  the  prolongation  of  the 
Thames,  would  probably  have  not  cut  their  valleys  very  deep,  and 
that  the  chance  of  filled  up  fissures  being  met  with  is  exceedingly 
small. 

The  Brighton  raised  beach  has  been  so  often  described  since  the 
days  of  Martin,  Mantell,  and  Murchison  that  it  is  almost  needless 
to  recall  its  characteristics.  In  1859  Professor  Prestwich  traced  it 
past  Arundel  to  Chichester  and  Bourne  Common,  and  showed  that 

*  '*  Additional  Obaeiraiions  on  the  Baiaed  Beaohof  Sangatte."  Qoaii.  Jovrn. 
Geol.  Soc,  1866. 

f  **  On  the  Loess  and  Qaarternary  Beds  of  the  North  of  France  and  Sonth  East 
of  England."    Phil.  Trans.,  18C4,  part  ii. 
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•thoDgb  at  Brighton  it  was  only  8  to  12  feet  above  the  present  level 
of  the  sea,  at  Amndel  it  was  100  feet,  and  at  Bourne  Common, 
42  miles  distant,  it  was  140  feet.  Ten  miles  west  of  this  point 
Professor  Prestwich  showed,  in  1871,  that  at  the  top  of  Ports- 
down  Hill,  at  an  elevation  of  125  feet,  and  85  feet  above  the 
angular  ochreons  gravel  of  Chichester,  Havant,  and  Portsmouth, 
there  is  a  tme  shore  deposit,  4  to  6  feet  in  thickness ;  in  the  earthy 
bed  above  it  occurred  a  rough  flint  implement. 

In  the  valley  of  the  Avon  in  Hampshire,  Professor  Prestwich 
describes  several  terraces  of  gravel,  respectively  30  to  70  feet,  150 
to  180  feet,  and  200  to  250  feet  above  the  river;  in  the  highest, 
he  found  some  flint  implements,  near  Downton,  Fordingbridge  (320 
feet  above  the  sea).  The  flint  implements  of  Salisbury,  described 
by  Mr.  Evans,  F.R.8.,  occurred  at  110  feet  above  the  present 
liver ;  those  of  Southampton  86  to  150  feet  above  the  river. 

The  high  level  plains  of  the  mainland  of  Hampshire,  described  by 
Mr.  Codrington,  F.G.S.,  can  be  traced  inland  northward  to  a  gravel- 
capped  escarpment  20  miles  inland,  420  feet  above  the  sea,  and 
200  feet  above  the  ground  to  the  north.     These  plains  are  all 
capped  with  gravels  and  brick-earths,  deposited  by  rivers  when  the 
land  stood  further  out  to  sea  than  at  present ;  the  continuity  of  the 
^Id  valley  slopes  being  broken  by*  the  existing  narrow  valleys,  and 
\}j  the  sea>cliffs,  capped  with  the  gravel,  from  100  to  120  feet 
mboYB  the  sea,  as  between  Poole  and  Bournemouth,  in  which  the 
fiint   implements  have  been   discovered    at   various   times.     At 
Sarton  and  Hordwell  cliffs  the  thickness  of  the  gravel  is  18. to 
20  feet;  in  1757  it  was  described  as   18  to  20  yards;  and  in 
11821  as  56  feet,  which  as  the  coast  wastes  a  yard  a  year  must  have 
leen  the  thickness  of  the  clifls  considerably  in  advance  of  the  exist- 
ing ones,  the  gravel  rapidly  thinning  inland.* 

No  organic  remains  have  been  recorded  from  the  gravel  of  the 
plains,  though  they  occur  plentifully  iu  the  valley  gravels  inter- 
secting them,  but  two  flint  implementsf  have  been  found  in  the 
^Travel- pits  of  Southampton  Common,  at  86  and  150  feet  above  the 
sea.  The  flint  weapons  in  all  cases  appear  to  have  been  derived 
from  the  white  gravel  which  overlies  the  red,  and  the  brick-earth, 
Sarsen-stones  occur  eveiywhere,  and  in  large  size  in  the  gravel 
hetween  Gosport  and  Southampton  Water,  170  feet  above  the  sea. 

*  Quart.  Jonm.  Geol.  Soc,  1870. 

t  Quart.  Jonm.  Qeol.  Soc.,  VoL  ziiL,  p  48. 
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On  the  100  feet  plain  east  of  Poole  Mr.  Godwin- Aastin  records 
waterwom  pebbles  of  white  qnartz,  granite,  and  porphyry  ;  and 
Mr.  Codrington  describes  white  qaartz  as  far  east  as  Lymington, 
and  granite,  syenite,  and  greenstone  in  the  low  gravels  27  feet  thick 
of  South  sea,  which  are  probably  connected  with  the  Brighton  Raised 
Beach.  Similar  gravels  cap  the  flat-topped  hills  of  the  Isle  of 
Wight,  from  100  to  300  feet  above  the  sea,  and  at  Headon  Hill  at 
390  feet,  the  sole  remaining  portion  of  an  old  table-land  sloping 
northwards  towards  the  main  land.  No  organic  remains  occar, 
though  they  are  -plentiful  in  the  terrace  gravels,  high  np  the  sides 
of  the  present  valleys. 

The  immense  antiquity  of  palaeolithic  man  as  stated  by  Sir 
Charles  Lyell,  is  nowhere  better  shown  than  in  Hampshire,  horn. 
the  clearness  of  the  evidence  of  the  changes  that  have  taken  place 
in  the  contour  of  the  valleys  and  the  outlines  of  the  sea  coast, 
and  from  the  excessive  denudation  of  Cretaceous  and  Tertiary 
strata  since  man's  advent. 

Professor  Prestwich,  in  his  paper  on  "  The  Quartemary  Pheno- 
mena in  the  Isle  of  Portland  and  around  Weymouth  (Quart.  Jonm. 
Geol.  Soc.,  1875),  after  giving  an  elaborate  description  of  the  various 
Drift  deposits  of  the  districts,  including  the  Portland  Mamma- 
liferous  Drift,  which  occurs  about  400  feet  above  the  sea,  and 
contains  large  blocks  of  sarsen- stones,  Elephas  anU'quuSf  &c., 
states  his  opinion,  that,  about  the  close  of  the  Glacial  Epoch, 
before  the  present  valley  systems  were  elaborated,  "  a  broad  tract 
of  Chalk,  bounded  in  places  by  Greensand,  and  capped  by  Tertiary 
beds  and  older  gravels  rose  inland  ; "  .  .  which  "  were  brought 
into  level  juxtaposition  by  and  along  the  great  line  of  fault 
running  westward  and  eastward  nearly  midway  between  Dorchester 
and  Weymouth."  From  this  area  the  ground  sloped  southward  to 
the  termination  of  the  Isle  of  Wight,  the  plain  of  Weymouth  not 
having  as  yet  been  excavated,  and  that  rivers  ran  over  this  surface, 
one  of  which  carried  the  detritus,  and  mammalian  remains  found 
in  the  Mammal  iferous  Drift. 

The  coast  line  from  Cornwall  to  the  south  end  of  Portland  had 
probably  fewer  deep  bays,  and  ran  straight  from  headland  to  head- 
land ;  eastward  it  trended  inland  by  Fareham  and  Chichester,  and 
cut  the  present  sea  coast  at  Brighton.  Then,  as  now,  the  shingle 
drifted  from  west  to  east,  while  floating  ice  may  have  transported 
the  larger  masses  on  the  Sussex  coast  from  more  distant  localities. 
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Iq  the  meantime  Professor  Prestwich*  belieyes  "  an  east  and 
west  anticlinal  disturbance  elevated  the  Weymouth  district,  and 
with  it  part  of  the  Purbeck  and  Portland  area  succeeded  or 
accompanied  by  a  denudation  which  not  only  leyelled  but  deeply 
channelled  the  uplifted  areas."  After  which  yarioas  angular  land 
dAris  and  loam,  Oreensand  drift,  high-level  and  low-level  gravels, 
were  deposited. 

The  Mammaliferous  Drift  Professor  Prestwich  correlates  with 
the  Portland  raised-beach  which  is  24  feet  above  the  present 
beach  at  the  Bill,  rising  to  53  feet  at  its  north-eastern  extremity.  Of 
the  28  shells  occurring  in  it  all  but  one,  according  to  Mr  Gwyn 
Jeffreys,  are  now  living  in  the  British  Channel,  but  all  have  a 
more  northern  range,  and  Cyamium  minutumy  a  small  Greenland 
shell,  occurs  in  thousands. 

The  loam,  head,  or  talus,  lying  at  the  top  of  the  old  beach,  is 
evidently  of  sub-aerial,  and,  as  Mr.  Godwin-  Austin  says,  describ- 
ing these  beds  at  various  points  in  the  English  Channel,  Channel 
Islands,  and  the  coast  of  Cotentin,  *'the  materials  are  always 
local  in  origin,"  while  he  believes  them  to  have  been  formed  when, 
through  elevations  of  great  amount,  the  higher  tracts  of  *'  the 
country  were  regions  of  excessive  cold,"  the  low  areas  were  sub- 
jected to  great  cold  though  not  perhaps  of  a  glacial  nature. 

South  West  Coast. — Mr.  Godwin-Austin,  as  far  back  as 
1837,  showed  that  there  were  river  terraces  in  Devonshire.  Two 
years  later  Sir  Henry  De  la  Beche,  described  the  raised  beaches 
Occurring  round  the  coasts  of  Cornwall  and  Devon,  some  of  which 
biad  been  noticed  by  Borlasein  1758,  their  height  above  the  sea, 
varying  from  12  to  50  feet,  formed  probably  during  the  same 
>eriod  as  the  marine  silt  found  in  the  valleys  of  the  Otter  and 
Sjxe,  first  noticed  by  Mr.  Godwin- Austin. 

Sir  Henry  De  la  Beche  appears  to  have  considered  the  raised 
>«acfaes  to  have  been  formed  after  the  submarine  forest  period, 
^at  it  is  more  probable,  correlating  the  submarine  peat  beds  oc- 
nrring  at  Tor  Bay,  Mounts  Bay,  &c.,  and  in  the  Bristol  Channel, 
rith  those  of  Lancashire,  that  the  raised  beaches  are  of  older  date, 
Lnd  belong  to  that  set  of  conditions  which  threw  down  the  Presall 
SliiDgle  in  Lancashire,  and  the  Brighton  raised-beoch ;  and  indeed 

*  "  On  the  Snperflcial  Accnmniations  of  tbe  Coast  of  the  English  Channel,  and 
^lie  duiBges  thejr  indicate,"  Quart.  Jonrn.  Gkol.  Soc.,  Vol.  yii.,  p.  118, 1851. 
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Sir  Henry  describes  the  great  peat  deposits  of  the  Bridgewater 
Levels  as  resting  on  old  sand,  mnd,  and  shingle,  which  rise  np 
through  the  peat  as  pointed  out  by  Conybeare  and  Dr.  Bnckland, 
and  which  are  now  known  as  the  Burtle  Beds.* 

It  may  be  well  to  notice  that  marked  peculiarity  of  some  of  the 
Cornish  alluvial  deposits,  the  occurrence  of  stream-tin^  which  in- 
variably lies  at  the  bottom  of  the  alluvium,  and  is  even  often  forced 
down  into  chinks  and  crevices  of  the  rocky  floor,  locally  called  the 
shelf.  It  is  easy  to  understand  how  readily,  as  pointed  out  by 
De  la  Beche,  veins  of  oxide  of  tin  occurring  in  decomposed  granite 
would .  get  broken  up,  rolled  into  pebbles,  and  deposited  in  the 
alluvium  by  the  streams,  in  which  by  their  superior  weight  more 
than  twice  that  of  granite,  the  pebbles  would  soon  come  to  rest  and 
go  to  the  bottom. 

De  la  Beche  gives  the  following  section  of  the  stream-tin  works 
of  Pentuan,  observed  by  Mr.  Colenso  :— 

Ft.  in. 

1.  Bough  Bivcr  Sand,  and  Silt,  mixed  with 
Sea  Sand,  at  the  bottom  of  the  deposits, 
stakes  for  a  foot  bridge  occurred  at  the  level 

of  low-water 20     0' 

2.  Sand,  Timber  Trees,  bones  of  Red  Deer 

and  Whale,  and  Human  skulls           .         .  20     0 
8.  Silt  or  Clay,  2  feet.  Sand  with  sea  shells 
4in 2    4 

4.  Silt,  lead-coloured  in  places,  shells,  horns, 
bones 10     0 

5.  Dark  Silt,  Moss,  Leaves  of  Trees,  &c.,  48 
below  high-water  mark    .         .         .         .     1.    0 

6.  Tin    Ground.    Boots  of  Oak  and  other 
trees,  at  the  top,  some  with  oysters  attached 

to  them 3  to  10 

In  several  other  sections  given,  charred  wood,  human  skulls, 
and  wood  cut  with  an  axe  occur  in  the  bed  immediately  overlying 
the  tinstone  bed,  which,  compared  with  the  alluvial  deposits  of 
Lancasbire,  appears  to  occupy  the  horizon  of  the  large  river  gravel 
at  the  base  of  tbe  ordinary  alluvium  of  the  lowest  plain,  which  is 

*  **  Beport  on  the  Geology  of  Cornwall,  Devon,  and  West  Somenai."  LoodoB, 
1889,  p.  416. 
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probably  nearly  synchronons  with  the  West  Lancashire  post-Glacial 
marine  beds. 

On  the  Cornish  Coast  there  would  appear  to  haye  been  a  deposit 
of  marine  silt  after  the  growth  of  the  peat,  on  the  tin-staff,  in  the 
ettoaries,  and  of  peat  and  allayium  in  the  yalleys,  corresponding 
with  the  Scrobicularia-clAja  resting  on  the  peat  in  the  West  Lanca- 
shire plains,  and  the  fluviatile  allayium  in  the  yalleys.  Mr.  Belt 
htm  pointed  out  the  remarkable  fact  that  all  the  areas  in  the  world 
in  which  stream-tin  and  alluvial  gold  occur,  are  regions  which  have 
neyer  been  glaciated.  Glaciation,  he  considers  to  have  swept  away 
any  traces  of  these  metals  in  various  countries  where  they  once 
must  have  existed,  and  it  is  important  to  note  the  absence  of  any- 
thing like  glacial  detritus  in  the  Cornish  and  South  Devon  tin  area ; 
and  he  points  out  the  striking  support  given  to  this  view  by  the  pre- 
sence of  the  Norman  flora  at  the  present  time  in  that  area,  which  no 
donbt  existed  there  before  the  Glacial  Epoch,  and  managed  to 
live  on,  though  doubtless  numerous  species  succumbed.  Professor 
E.  Forbes  speaks  of  it  as  being  more  ancient  and  more  southern  in 
character  than  the  Kentish  flora,  itself  older  than  the  Germanic  in 
Britain. 

Thb  Frbngh  Coast  of   the   Channel. — The   Somme  valley 
between   Amiens    and   Abbeville    is   about   a  mile   across.     At 
the  top  of  the  plain,  on  either  side,  is  the  upland  loam  without 
shells,  and  hanging  on  the  higher  slopes  is  the  high-level  gravel, 
aboot  30  feet  in   thickness;    beneath  this  is   a  terrace  of  low- 
level    gravel,    with   elephants'   bones   and   flint  •  tools,   and   still 
lower  the  alluvial  plain,  which  consists  of  20  to  80  feet  of  peat 
f^ti/ig  on  gravel.     It  will  be  at  once  apparent  how  close  is  the 
dissemblance  to  the  sections  of  the  Lancashire  rivers,  where  terrace 9 
of  g^ ravel  fringe  the  side  of  the  valleys,  and  peat  occupies  the 
lowest  horizon  but  one  of  the  alluvial  plain. 

The  great  beds  at  the  mouth  of  the  Somme  extend  out  seawards, 
^nd  prove  that  the  valley  formerly  extended  out  into  the  British 
Channel.  Near  the  surface  of  the  peat  occur  Gallo-Roman 
K^emains,  and  at  greater  depths  neolithic  weapons,  as  is  the  case  in 
^he  peat  section  on  the  Cheshire  coast.  In  the  basement  beds  of 
^lie  low-level  Somme  gravels,  Cyr^na  ^MmmaZt>  occurs,  and  some 
^narine  shells  mixed  with  the  freshwater  forms. 

In  the  high-level  gravels  of  the  Seine,  near  Paris,  Professor 
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Prestwich  found  traces  of  ice-bearing  action  and  contortion  of  beds, 
as  in  the  high-level  Amiens  beds.  All  the  fragments  foond  in  the 
basin  of  the  Seine  belong  to  rocks  in  that  area,  bat  the  great  size 
of  some  of  the  travelled  blocks  of  granite  point  to  floating  river 
ice.  One  of  these  blocks,  now  in  the  Ecole  des  Mines,  is  stated  by 
^ir  Charles  Lyell  to  be  nearly  4  feet  in  diameter.  In  1862  M. 
Lartet  discovered  in  the  low-level  gravels  of  Clichy  flint  imple- 
ments of  the  Amiens  type,  associated  with  remains  of  Elephoi 
antiquuSy  and  E,  prtmigenius, 

COKGLUSIOK. 

It  has  been  shown  that  in  the  case  of  the  river  Ribble  a  wide 
and  extensive  valley  has  been  cut  out  entirely  since  the  deposition 
of  the  Upper  Boulder  Clay,  that  terraces  fringe  the  sides,  and  that 
peat  beds  occur  near  the  bottom  of  the  lowest  alluvium,  which  are 
continuous  with  extensive  peat  beds  underlying  the  sea  level,  and 
yet  resting  on  post-Glacial  marine  beds,  proving  that  the  land  was 
lower  after  the  Glacial  Period  and  the  formation  of  the  terraces 
than  it  is  at  present,  and  that  afterwards  it  became  higher,  when 
neolithic  man  emigrated  from  more  southern  districts  over  con- 
tinuous land. 

In  the  Irwell  still  more  extensive  denudations  had  taken  place, 
and  wider  terraces  formed,  peat  again  occurring  near  the  bottom  of 
the  alluvial  plain. 

In  the  Ouse  also  occurred  high-level  gravels,  lying  in  a  valley 
excavated  out  of  the  Boulder  Clay,  and  in  these  are  found 
palaeolithic  flint  weapons. 

In  the  Thames  basin  Boulder  Drifts  were  shown  to  be  present, 
reaching  down  nearly  to  the  valley,  which  abruptly  cuts  them  off, 
and  in  which  are  deposited  various  high  and  low-level  gravels,  the 
former  with  palaeolithic  remains  of  human  art,  there  being  the 
strongest  reason  to  believe  that  the  whole  of  these  terraces,  like 
those  of  the  northern  valleys,  were  formed  since  the  deposition  of 
the  Glacial  deposits,  during  which  period  the  Weald  district  re- 
mained an  island  above  water,  and  extended  much  further  out  into 
the  English  Channel  than  at  present,  the  Battery  River  at  Folke- 
stone flowing  eastward  over  this  old  plain. 

At  a  later  period  the  valleys  were  cut  down,  modem  alluyium 
formed,  with  peat  and  submerged  forests  at  the  base,  both  on  the 
south  and  west  coasts  and  in  Northern  France,  where  a  similar 
sequence  from  the  palseolithic' gravels  to  the  peat  era  obtained; 
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bnty  as  preyed  by  the  French  coast-beds  with  sea-shells,  there 
was  an  episode  of  subsidence,  as  in  England,  as  proved  by  the 
Sassex  raised-beach,  the  Burtle-beds  of  Somersetshire,  and  the 
Shirdley  Hill  Sand  of  Lancashire ;  at  the  same  time  rivers  higher  up 
on  the  land  were  depositing  the  massive  gravels,  and  in  Cornwall 
the  tin-stone  beds  found  beneath  the  peat.  After  the  obstruction 
of  drainage  caused  by  elevation,  that  produced  the  peat,  gave  way, 
the  country  subsided  a  little,  and  the  relative  levels  of  land  and  sea 
bave  remained  tolerably  constant  since  the  Roman  era. 


VISIT  TO  THE  MINERALOGICAL   DEPARTMENT  OF 
THE  MUSEUM  OF  PRACTICAL  GEOLOGY. 

March  22nd,  1875. 

Diredor-^Y.  W.  Rudler,  Esq.,  F.G.S.,  Dir.A.L 

{Report  by  Mr.  Rudler.) 

Before  commencing  the  inspection  of  the  Mineral  Collection,  the 
]>irector  explained  the  principal  systems  which  have  at  various 
"(imes  been  proposed  for  the  classification  of  minerals.  He  con- 
^^rasted  the  natural-history  method  of  Mohs  and  his  school  with 
'Che  chemical  methods  of  Berzelius  and  his  followers,  and  remarked 
diat  after  Berzelius  had  founded  a  system  in  which  the  electro - 
X>08itiYe  element  formed  the  leading  characteristic,  ho  was  led,  by 
3iit8cherlich's  discovery  of  isomorphism,  to  construct  a  new 
system  in  which  the  electro-negative  element  was  the  basis  of 
^lasaification.  It  was  argued  that  a  purely  chemical  and  crystallo- 
^^raphic  arrangement,  though  of  great  value  scientifically,  scarcely 
eatisfied  the  requirements  of  the  geological  student  and  the  prac- 
'tical  miner ;  and  the  mixed  system  followed  in  the  Museum  of 
^Practical  Geology  was  defended  as  the  most  useful  for  such  pur- 
jK>6es.  The  minerals  containing  the  heavy  metals  are  arranged  in 
"the  wall-cases,  all  the  ores  of  a  given  metal  being  grouped  to- 
gether ;  whilst  the  minerals  which  are  destitute  of  metal,  or 
^contain  only  the  lighter  metals,  are  placed  in  the  so-called  Horse- 
shoe Case.  It  was  to  these  *'  non-metallic"  minerals  that  the 
sittention  of  the  visitors  was  restricted,  special  notice  being  taken 
^A  such  species  as  are  important  as  rock-constituents.  After  the 
Elementary  substances  carbon  and  sulphur,  had  been  described,  at* 
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iention  was  called  to  those  minerals  which  contain  alkaline  metals, 
such  as  rock  salt.  The  few  minerals  containing  barium  and 
strontium  led  to  the  salts  of  calcium,  which  include  such  impor- 
tant species  as  calcite,  gypsum,  fluor-spar,  and  apatite.  These  were 
succeeded  by  a  large  series  illustrating  the  various  forms  of  silica, 
and  these  in  turn  by  a  small  collection  of  the  varieties  of  alumina. 
Then  followed  the  great  group  of  silicates,  both  hydrous  and  an- 
hydrous ;  the  latter  including  some  of  the  most  important  species 
to  the  petrologist,  such  as  the  felspars,  micas,  hornblendes,  and 
augites. 


EXCURSION    TO    THE   ISLE    OF   THAN ET.— Easter 

Monday,  March  29th,  1875,  and  following  day. 

Director — George    Dowker,    Esq.,    F.G.8. 
{Report  by  Wilfrid  H.  Hudleston,  Esq.,  M.A.,  F.Q.S.) 

The  party  quitted  the  Railway  Station,  at  Ramsgate,  shortly 
after  1  p.m.  on  Easter  Monday,  and  proceeded  at  once  towards 
Pegwell  Bay.  Arrived  on  the  shore,  Mr.  Dowker  began  the  work 
of  the  day  by  pointing  out,  in  the  first  place,  an  irregular  mass  of 
gravel  and  brick-earth,  generally  believed  to  be  of  fluviatile  origin. 
It  rests,  in  this  place,  directly  upon  the  Chalk,  and  is  considered  to 
be  of  the  same  age  as  certain  high  level  gravels  resting  on  the 
Lower  Tertiarics  near  Heme  Bay,  in  which  palaeolithic  implements 
have  been  found.  Some  geologists  have  referred  its  deposition  to 
the  Mid-Glacial  period,  but  there  seems  to  be  much  doubt  as  to 
this.  A  member  of  the  party  had  recently  found  both^j^ticctnum, 
and  Ostrea  in  the  deposit,  hut  whether  these  got  in  from  above  or  are 
really  a  part  of  the  deposit  there  is  at  present  no  evidence  to  show. 

The  Isle  of  Tbanet  is  a  somewhat  oval  mass,  of  moderately 
high  ground,  separated  from  the  mainland  of  Kent  by  a  belt  of 
marsh,  which  though  now  banked  in  and  drained,  has  within  the 
historical  period  been  a  shallow  strait  into  which  the  estuary  of  the 
river  Stour  discharged,  and  which  communicated  freely  with  the 
sea,  on  the  north,  at  Rcculvers  (Regulbium),  on  the  south  east 
near  Richborongh  (Rutnpiaj).  The  constituent  rock  of  the  Isle  is 
Chalk,  which  rises  in  a  sort  of  gentle  anticlinal  swelling,  having 
an  axis  with  a  mean  direction,  E.N.E. — W.S.W.  It  falls  away 
also  to  the  westward,  whilst  on  the  east  its  section  by  the  se* 
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preTonts  ns  from  forming  an  idea  as  to  how  far  the  axis  might  be 
piolonged  in  this  direction.  This  Chalk  of  Pegwell  Bay  is  the 
same  as  that  of  Margate,  and  is  the  highest  in  the  county,  perhaps 
ms  high  as  any  in  England,  the  general  fades  of  its/auna  haying 
much  resemblance  to  that  of  Norwich.  It  is  remarkable  for  the 
small  amount  of  flint  contained,  and  this  circamstance  induced 
geologists  formerly  to  suppose  that  this  Thanet  Chalk  was  really 
Liower  Chalk.  It  also  contains  ammonites,  indeed  there  seems  to 
be  some  connection  between  flintless  chalk  and  ammonites,  which 
may  be  more  than  accidental.  It  is  to  be  noted  that  the  ammo- 
nites occur  in  casts;  from  the  appearance  of  large  ammonites, 
Professor  Prestwich  was  led  to  conclude  that  the  Kentish  Chalk  re- 
presented the  Medial  Chalk  of  England,  but  their  appearance  at 
Dorer  and  Margate  in  widely  separate  beds  will  not  warrant  this 
conclusion.  The  few  flints  there  are  appear^  for  the  most  part,  to 
be  fossil  sponges. 

There  is  a  slight  fault  in  the  cliff  at  Pegwell  Bay,  which  brings 
down  the  Chalk  against  the  Thanet  Beds ;  considerable  irregularity 
in  the  dip  is  noticeable,  with  a  balance  towards  the  S.W.  There 
is,  however,  a  very  marked  southerly  dip  of  the  Chalk  generally  on 
this  side  of  the  Isle  of  Thanet,  in  the  direction  of  the  6 tour 
marshes,  which  lie  in  a  well  marked  synclinal  filled  with  Tertiary 
beds.  Pegwell  Bay  itself  may  be  viewed  as  a  seaward  continua- 
tion of  this  synclinal  hollow.  The  junction  of  the  Chalk  and 
Thanet  Sands  may  be  seen  in  the  low  cliffs  of  Pegwell  Bay.  The 
well-known  green-coated  flints,  so  constant  an  attendant  upon  this 
junction,  not  only  with  the  Thanet  Sands,  but  with  other  permeable 
beds  of  the  Lower  Tertiaries,  came  in  fur  a  large  share  of  atten- 
tion. '*  It  is  a  peculiar  feature  of  these  junction  sections  of  Chalk 
mnd  Thanet  Sands,  as  seen  in  East  Kent,  that  the  green-coated 
flints  nearly  always  rest  on  a  semi-tabular  mass  of  Chalk  flint." 
(Dowkerin  "Geological  Magazine,'*  Vol.  iii..  May,  1866).  This 
peculiarity  was  well  observed  on  this  occasion  by  the  party  in 
Pegwell  Bay.  The  green  coating  is  said  to  be  due  to  a  deposit  of 
bydroas  silicate  of  iron  as  a  sort  of  glaze. 

The  lower  beds  of  Thanet  Band,  at  Cliff  End,  are  very  fosslli- 
ferons.  DerUalium  nitens,  Natica  subdepressa,  Cyprina  Morrisii, 
Cytherea  orbicularis,  Nucula  Bowerbankii,  Ostrea  bellovacinaj 
Pamtpea  granulatay  Pholadomya  cuneata,  Pholadamya  KoninckU^ 
Tkracia  obiatUf  are  the  most  abundant  and  characteristic  species. 
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There  is  one  bed  seen  in  the  low  cliffs  abont  4  inches  thick, 
which  is  a  mass  of  shells,  chiefly  Cypina  Morrisiu  This  species, 
with  many  others,  also  occurs  throughout,  sometimes  very  fine, 
and  in  good  preservation. 

Some  of  the  more  active  and  adventurous  members  of  the  party, 
by  dint  of  scrambling  and  the  use  of  hammers  with  long  handles, 
secured  really  very  nice  specimens. 

At  the  "  Sportsman"  (Red  Cliff  End  Point)  the  ladies  fell  in,  and 
the  whole  party,  after  a  hasty  luncheon,  proceeded  in  conveyances  by 
a  road  made  along  a  remarkable  pebble  beach  which  extends  from 
the  Isle  of  Thanet  almost  to  Sandwich.  At  a  break  in  this  pebble 
beach,  called  Ebsfleety  the  Ordnance  Map  has  the  following 
legend,  ^*  Here  the  Saxons  first  landed."  If  this  be  true,  and  if 
the  conjectures  as  to  Caesar's  landing,  subsequently  to  be  men- 
tioned, are  also  true,  then  this  must  hare  been  one  of  the  most 
vulnerable  districts  on  British  soil. 

The  party  dismounted  at  the  Salterns,  and  crossed  the  Stonr,  a 
sluggish  river  some  30  yards  wide,  in  which  a  feeble  neap  tide  was 
slowly  rising.  A  walk  of  less  than  a  mile  across  the  marshes,  but 
still  close  to  the  river,  brought  them  to  the  foot  of  the  singular 
island  on  which  the  Roman  castrum  of  Richborough  (Rutupice)  was 
constructed.  This  is  an  outlier  of  Thanet  Beds,  capped  by  Wool- 
wich Beds  :  about  the  junction  is  a  persistent  line  of  Corbula  and 
other  shells  in  a  silicified  condition.  The  railway  to  Deal  shaves  off 
a  portion  of  this  outlier,  and  whilst  the  line  was  being  made  speci- 
mens were  easily  obtained ;  not  so  at  present.  Mr.  Dowker  here  took 
the  opportunity  of  again  pointing  out  some  of  the  leading  geological 
features  of  the  district. 

He  commenced  by  remarking  on  the  singular  fact  that,  although 
the  Norwich  Chalk  contained  fossils  very  similar  to  that  of  Thanet, 
yet  here  we  have,  immediately  reposing  on  the  Chalk,  the  lowest 
of  the  Tertiaries  known  in  England  ;  whereas,  in  Norfolk,  we 
have  for  the  most  part  the  highest  and  newest  Tertiaries  in  a 
similar  position.  He  again  also  took  the  opportunity  of  showing 
that  the  existence  of  Ammonites,  made  so  interesting  and  patent  to 
the  Members  by  the  well-known  Paper  of  their  Associate  Mr. 
Bedwell,  was  no  longer  to  be  deemed  a  proof  that  the  Thanet  Chalk 
occupied  a  lower  zone.  Speaking  of  the  Tertiaries  he  observed  that 
nowhere  else  in  England  could  such  low  beds  of  Thanet  Sands  be 
seen,  and  these  contained  very  numerous  marine  remains.     The 
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Woolwich  Beds,  of  which  a  cap  exists  here  (pointing  to  the  plat- 
-  form  forming  the  sammit  of  the  oatlier),  were  also . marine,  and 
less  characteristically  de?eloped  than  in  the  neighbourhood  of 
London,  where,  as  is  well  known,  they  are  markedly  estaarine  in 
character.  The  President  of  the  Association  had  formerly  deter- 
mined for  the  speaker  a  very  remarkable  specimen  of  Pinites  found 
about  the  junction  between  the  Thanet  and  Woolwich  Beds. 
Allading  now  to  the  remarkable  deposits  of  gravel  which  occur  in 
East  Kent  at  considerable  elevations,  both  upon  the  Chalk  and 
upon  the  Tertiaries,  and  which  contain  chip-shaped  ilints,  Mr. 
Dowker  stated  his  belief  that  these  were  of  high  antiquity.  Mr. 
Gkikie  considers  them  to  occupy  an  Inter-Glacial  period,  and  one 
anterior  to  the  date  in  which  the  Boulder  Clay  was  deposited  ;  they 
occur  in  the  south-eastern  portions  of  England,  and  he  considers 
their  absence  further  north  and  west  is  to  be  accounted  for  by  their 
having  there  been  obliterated  by  the  Glacial  sea  which  deposited 
the  Boulder  Clay,  which  latter  is  not  found  in  the  east  of  England 
sonth  of  the  Thames.  Geologists  are  indebted  to  Mr.  Geikie  for 
having  in  his  book,  the  "  Great  Ice  Age/'  placed  in  a  clear  light 
the  yarions  phases  under  which  Glacial  geologists  suppose  Eng- 
land, Scotland,  and  Ireland  have  passed  during  the  Glacial  Epoch. 
The  palaeolithic  gravels  of  East  Kent  must  have  been,  according 
to  this  geologist,  elevated  above  the  reach  of  this  Glacial  sea. 
Kent  would  thus  present  to  us  a  very  old  land  surface.  From 
many  considerations  it  is  evident  that  since  the  deposition  of  these 
gravels  the  Thames  must  have  deepened  its  bed  by  100  feet. 

After  thanking  Mr.  Dowker  for  this  address,  the  party  swarmed 
^p  the  steep  sides  of  the  railway  cutting,  and  proceeded  to  take 
l>osse8sion  of  the  remains  of  Bichbo rough  Castle.  A  low 
>"ectangnlar  wall,  about  fifteen  feet  in  thickness,  composed  chiefly 
Of  flints,  encloses  a  flat  quadrangle  about  five  acres  in  extent,  now 
Wholly  given  up  to  the  plough.  A  sort  of  pit  towards  the  middle 
Of  the  enclosure  conducts  to  a  mysterious  underground  passage, 
^hicb  the  more  adventurous  of  the  party  explored.  The  view  from 
bills  isolated  table  must,  on  a  clear  day,  be  very  instnictive  physio- 
^rapbically,  as  it  commands  the  synclinal  hollow  of  the  Stour 
tknaTshes,  with  the  great  curve  of  Thanet  on  the  north,  and  the 
s^ll  bolder  swell  of  the  long  range  of  Chalk  heights,  forming  the 
backbone  of  East  Kent,  on  the  south. 

The  word  of  command  to    evacuate  the  fortress  having  been 
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giyen,  tbe  party  rccrossed  the  Stour,  and  on  gaining  the  high  road 
retired  upon  Margate  for  the  night. 

On  the  following  morning  the  low  cliffs  of  the  Margate  Chalk 
occupied  the  attention  of  the  party  for  a  couple  of  hours.  So 
much  interest  in  these  beds  had  been  excited  bj  the  publication  of 
Mr.  BedwelPs  very  original  paper  on  ''  Ammonite  Zones  in  the 
Isle  of  Thanet'*  ('*  Proceedings  of  the  Geologists'  Association," 
Vol.  iii.,  p.  217)  that  the  eagerness  of  all  to  '^  spot"  an  ammo- 
nite could  only  be  equalled  by  a  field  of  huntsmen  round  a  cover 
on  the  look  out  for  a  fox.  Before  proceeding  to  hunt  for  anunonites 
it  may  be  as  well  to  note  a  few  peculiarities  in  this  Margate  Chalk. 
For  the  general  vertical  section,  see  J.  W.  Wetherell  "  On  Some 
Fossils  from  the  Margate  Chalk"  (''Proceedings  of  the  Geologists' 
Association/'  Vol.  iii.,  p.  192) ;  and,  generally,  G.  Dowker  '*  On  the 
Chalk  of  Thanet,  <&c:"  ("  Geological  Magazine"  for  1870,  p.  466). 

It  would  appear  that  the  Margate  Chalk  has  a  thickness  of  about 
30  feet ;  its  lower  limit  may  be  taken  along  the  line  of  the  three- 
inch  flint  band,  which  terminates  the  great  series  of  flinty  or 
Middle  Chalk.  It  is  soft,  and  as  might  be  inferred  from  the  appear- 
ance of  the  coats  of  those  who  ventured  upon  fossil  hunting*  makes 
good  whiting.  In  purity  it  is  perhaps  not  quite  equal  to  the  Chalk 
with  flints,  as  the  silica  is  most  probably  disseminated  instead  of 
being  collected  in  masses.  Of  mechanical  sediment  there  is  not 
very  much.  The  fossils  are  to  a  great  extent  indicated,  rather 
than  actually  preserved,  by  ferruginous  stains,  and  to  judge  from 
the  frequency  of  these  markings,  these  are  plentiful.  VentriculiU 
structure  is  not  uncommon ;  some  nice  pieces  were  picked  up  here 
and  at  Peg  well  Bay,  also  Brachiolitea,  Coscinopora,  and  fragments 
of  Bryotoa,  Belemnitella  is  not  unfrequent.  The  Ammonite  Zone 
was  found  as  indicated  by.  Mr.  Bedwell,  and  as  far  as  may  be 
judged  from  a  very  limited  walk,  the  ammonites  lie  in  one  strati- 
graphical  horizon,  though,  as  there  is  a  slight  curvature  in  the  beds, 
the  height  of  this  line  varies.  Thus  the  first  ammonite  discovered 
could  only  be  assailed  by  missiles  from  below.  The  next  one  found 
was  at  a  more  convenient  height,  and  a  terrific  onslaught  was  im- 
mediately made  upon  the  prostrate  monster  by  several  hammers  at 
once.  These  ammonites  are  probably  compressed  externally,  and 
existing  only  as  casts,  are  not  easy  to  stuay  with  a  view  to  the 
determination  of  the  species.  If  there  is  any  truth  in  Ammonite 
Zones,  that  is  to  say  in  particular  species  being  confined  to  parti- 
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cular  zones,  it  is  rather  surprising  that  names  applied  to  Lower 
Chalk  forms,  such  as  A,  Lewisiensis  and  A.  peramplus^  should  also 
be  quoted  for  ammonites  in  such  high  beds  as  the  Margate  Chalk. 
It  is  true  that  in  extreme  old  age  indifferently  preserved  specimens 
of  large  ammonites,  occurring  as  casts  in  calcareous  beds,  have  a 
strong  family  likeness. 

The  Ammonites  leptophyllns  of  Sharpe,  quoted  as  occurring  in  the 
Upper  Chalk  of  Brighton,  Ramsgate,  Greenhithe,  &c.,  is  probably 
the  nearest  to,  and  may  actually  be  the  same  as  the  Margate  species. 
**  This  species  reaches  a  diameter  of  more  than  2^  feet ;  in  shape 
it  is  discoidal,  flattened  at  the  sides,  and  rounded  at  the  back.'' 
(Pal.  Soc.  **  Chalk  Cephalopoda,"  p.  48.)  This  description 
answers  roughly  to  the  specimen  in  the  cliff,  which  some  of  the 
party  were  bringing  out  piecemeal.  The  diameter  of  the  outer 
whorl  of  this  specimen  must  have  been  upj^ards  of  three  feet; 
many  fragments  of  the  middle  whorl  were  obtained,  and  also  a 
portion  of  a  little  inner  whorl  with  some  of  the  shell  on — a  rare 
circumstance  in  the  Chalk.  This  inner  whorl,  which  is  only  in  a 
fragmentary  condition,  has  the  back  very  round,  and  the  sides  much 
compressed,  with  faint  indications  of  numerous  costoB  of  little  ele- 
vation barely  reaching  the  centre  of  the  back.  The  figure  given  by 
8harpe  (Pal.  Soc,  **  Chalk  Cephalopoda,"  plate  xxii.)  might  very 
well  represent  the  middle  age  of  such  a  specimen.  Much  interest 
naturally  attaches  to  these  ammonites,  which  occupy  the  highest 
position  of  any  members  of  that  great  genus,  so  characteristic  of 
the  Secondary  rocks.  On  or  about  tliis  horizon — in  England  at 
least — they  seem  to  bid  farewell  to  the  palaiontologist. 

Proceeding  westward  along  the  foot  of  the  cliffs,  an  appearance 
like  the  weathering  of  decomposing  basaltic  dykes  is  very  con- 
spicuous ;  this  arises  from  the  wearing  away  of  the  cliff  along  a 
series  of  joints,  which  seem  mostly  in  a  north-west  and  south-east 
direction,  or  about  at  right  angles  to  the  plane  of  bedding,  and 
almost  perpendicular  to  the  mean  direction  of  the  Thanet  axis. 
Near  a  place  where  tlie  new  Aquarium  is  to  be  constructed,  a  very 
singular  group  of  fossils  was  discovered.  These  consisted  of  a 
number  of  bags  of  cement,  from  a  shipwrecked  vessel ;  the  cement, 
bag  and  all,  had  set  under  water,  and  was  now  in  the  condition  of 
hard  rock.  This  assumed  exactly  the  shape  of  the  bag,  down  to 
the  very  comers.  The  impression  of  the  sacking  produced  an 
appearance  like  Stigmana,  and  the  seam  of  the  bag,  in  one  or  two 
mstances,^  was  perfect. 
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The  midday  train  was  now  taken  as  far  as  Heme  Bay,  whence 
the  party  proceeded  in  carriages  to  Old  Har^  Gap. 

Here  Mr.  Dowker  pointed  out  the  beds  in  ascending  order,  from 
the  base  of  the  cliff  looking  towards  Heme  Bay;  first  the  Woolwich 
Beds,  resting  at  or  near  a  junction  with  the  Thanet  Sands  (for  the 
division  was  very  obscure) ;  these  are  here  capped  with  a  thin  band  of 
pebbles  which  mark  the  junction  of  the  Old  Haven  Beds  of  Whitaker, 
and  the  top  of  this  series  was  shown  by  the  coming  on  of  the 
London  Clay,  here  very  unfossiliferoos.  Proceeding  towards  Heme 
Bay  a  short  distance,  the  excursionists  followed  this  Old  Haven 
Bed  as  it  descends  to  the  beach,  where  its  presence  is  marked  by 
the  layer  of  lenticular  sandstone  masses  stretching  out  like  a  pier 
into  the  sea.  Retracing  their  steps,  they  proceeded  beneath  the  cliff 
towards  Recnlvers,  Mr.  Dowker  pointing  out  the  Thanet  Sands  and 
the  Woolwich  Beds,  and  the  excursionists  making  hasty  attacks  on 
the  tempting  fossils  exposed  in  great  profusion  beneath  their  feet, 
but  which  required  far  more  time  for  safely  secaring  than  the  rapid 
march,  necessitated  by  their  having  to  catch  a  train,  allowed. 

Towards  Recnlvers  the  tabular  masses  of  sandstone  are  most 
abundant  at  the  base  of  the  cliff,  and  form  a  floor  to  the  beach; 
they  constitute  the  horizon  in  the  Thanet  Beds  seen  towards  the 
top  of  the  cliff  at  Pegwell  Bay  ;  these  and  the  Reculver  sections 
representing  the  entire  series  of  the  Thanet  Beds.  A  short  walk 
brought  the  party  to  Reculver  Church,  where  the  position  of  the 
Roman  Castrum — the  Regulbium  of  the  Romans — was  pointed  out, 
and  a  few  remarks  on  the  antiquity  of  the  original  church,  its  pro- 
bable Saxon  if  not  Roman  origin,  and  its  connection  with  Rich- 
borough  and  its  historical  interest  were  dwelt  upon  by  the  Director 
of  the  Excursion.  Reculver  is  given  by  Sir  Charles  Lyell  as  an 
inst'ince  of  the  ravages  of  the  sea,  but  Mr.  Dowker  pointed  ont  that 
the  parish  authorities  need  not  have  been  in  such  a  hurry  to  dis- 
mantle their  beautiful  church,  for  the  sea  had  certainly  not  gained 
on  the  shore  lately,  and  a  deposit  of  sand  appears  to  show  it  did 
not  attack  so  fiercely  the  present  shore. 

From  this  point  the  party  resumed  their  seats  in  the  carriages  to 
return  to  Home  Bay.* 

*  Consult  **  Proceedings,  Geoloffists'  Association,"  Vol.  i.,  page  S39,  et  aeq,  : 
also  Whitaker,  '*Thc  Geology  of  the  London  Basin,"  "  Memoin  of  the  Qeo* 
logical  Survey  of  England  and  Wales,  Vol.  iv.,  p.  872. 
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William  Carruthers,  Esq.,  F.R.S.,  F.LS.,  F.G.S.,  President, 
in  the  Chair. 

The  following  Donations  were  announced  : — 

**  Abstracts  of  Proceedings  of  the  Geological  Society ;"  from 
that  Society. 

,    ^  Proceedings  of  the  Warwickshire  Naturalists'  and  Archaaolo- 
gists'  Reld  Club,"  1874  ;  from  that  Club. 

"Journal  of  the  Society  of  Arts,"  Feb.,  1875;  from  that 
Bociety. 

'^  Journal  of  the  Winchester  and  Hampshire  Scientific  and 
Literary  Society,"  Vol.  i.,  part  4  (1874) ;  from  that  Society. 

"  Annual  Report  of  the  Brighton  and  Sussex  Natural  History 
Society/'  1874 ;  from  that  Society. 

"Journal  of  the  Society  of  Arts,"  March  1875;  from  that 
Society. 

"  Procedings  and  Transactions  of  the  Nova  Scotian  Iifltitute  of 
Natural  Science,"  Vol.  iii.,  part  8  (1872-8) ;  from  that'Ttnstituto. 

"  Geological  Structure  of  the  South  Stafibrdshire  Coal  Field," 
by  J.  Beete  Jukes,  M.A.,  F.R.S. ;  from  W.  Whitaker,  Esq., 
RA,,  F.G.S. 

"  The  Industrial  Geology  of  Bradford,"  by  John  Brigg ;  from 
William  Whitaker,  Esq.,  B.A.,  F.G.S. 

'*  On  a  Railway  Section  of  the  Lower  Lias,  &c.,  near  Stratford- 
on-Avon,"  &c.,  by  Rev.  P.  B.  Brodio,  M.  A,  F.G.S. ;  from  the 
Author. 

**  Sur  la  Craie  de  Tile  de  Wight,"  par  M,  Charles  Barrois  ;  from 
the  Atthor. 

**  Sur  le  Gault  et  sur  los  couches  entre  lesquelles  il  est  compris 
dans  le  bassin  de  Paris,"  par  M.  Charles  Barrois ;  from  the  Author. 

"  Sur  les  Brachiopodos  Tertiarcs  de  Belgiquo,"  par  Thomas 
Davidson,  F.R.S. ;  from  the  Author. 

The  following  were  elected  Members  of  the  Association  : — 
The  Rev.  W.  H.  L.   Cogswell,  M.A. ;   Douglas  Duncan,  Esq., 

Advocate  ;  Ernest  Spon,  Esq.,  Mining  Engineer ;  and  C.  Herbert 

Stokes,  Esq. 

The  following  Papers  were  read  : — 
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1.  On  Geological   Boundary-Lines.* 

By  Horace  B.  Woodward,  Esq.,  F.G.S.,  H.M.  Geological 

Survey. 

The  steady  progress  of  geological  knowledge  leads  us  from  time 
to  time  to  make  important  alterations  in  our  Tabic  of  British  Strata. 
Fresh  subdivisions  are  occasionally  made,  and  new  observations 
sometimes  lead  to  a  different  classification  of  old  and  recognised 
divisions.  When  we  compare  the  tables  constructed  by  geologists 
in  the  early  part  of  this  century  with  those  now  in  use,  and  when 
we  consider  the  reason  why  many  subdivisions  are  made,  and  why 
certain  boundary-lines  have  been  fixed  upon,  we  cannot  but  discern 
a  tendency  to  overlook  the  broad  classification  by  mineralogical  or 
lithological  characters,  and  to  adopt  as  lines  of  demarcation  those 
essentially  of  a  palccontological  nature.  The  discussion  of  this 
subject  is  all  the  more  necessary  when  the  question  of  geological 
mapping  is  taken  into  consideration. 

All  those  acquainted  with  field-work,  and  the  tracing  of  geo- 
logical boundary-lines,  must  be  aware  that  so  far  as  the  actual 
guides  are  concerned  in  constmcting  the  map,  palaeontology  plays  a 
very  insignificant  part.  Nor  could  it  be  otherwise,  as  for  the  proper 
collection  of  fossils  they  must  be  obtained  in  situ,  while  the  rarity 
of  fossils  in  some  formations,  and  the  paucity  of  sections  in  others, 
preclude  any  purely  palaontological  boundary-lines  being  traced 
satisfactorily.  At  the  same  time  the  value  of  geological  maps 
cannot  be  over-estimated,  furnishing,  as  they  do,  indexes  to  the 
geology  of  a  country  ;  and  when  they  exhibit  the  chief  lithological 
divisions,  without  perhaps  marking  continuously  all  the  deposits  of 
one  exact  period  of  time,  little  more  can  be  expected  from  them. 

There  is  no  need  to  discuss  the  variability  of  geological  formations 
and  their  included  fossils :  that  any  kind  of  sediment  and  many 
varieties  of  organic  remains  may  be  deposited  and  accumulated  at 
the  same  time,  is  patent  to  every  observer;  and  similarly,  that  tlio 
organic  remains  are  liable  to  variation  according  to  the  nature  of 
the  deposit  in  which  they  were  entombed,  this  indicating  different 
depths  of  water  and  other  sedimentary  conditions.  Thus,  in  a 
formation  of  one  age,  the  lithological  characters  and  fossils  may 
vary  to  a  considerable  extent,  as  in  the  Woolwich  and  Reading 

*  It  waa  eaggestpd  dnring  the  discassion  of  this  Paper,  that  ita  proper  title 
mmli  1>9  **  7^^  Diffiooltiea  of  a  Geologioal  Surveyor." 
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Series.  Hence  the  importance  of  adopting,  as  a  mle,  terms  expres- 
sing no  distinct  mineral  character.  At  the  same  time  taking  the 
formations  themselves  into  account,  we  naturally  find  that  the  chief 
yariations  are  in  the  shore  deposits,  and  that  these  are  necessarily 
of  small  extent  compared  to  those  of  deeper  water,  which  are  more 
persistent.  Further,  as  the  character  of  the  deposits  and  the 
depth  of  water  equally  affect  the  organisms  existing  at  the  time, 
they  might  be  expected  to  coincide  with  the  evidence  of  the  rocks, 
except  that  great  allowance  must  be  made  for  the  drifting  and 
entombing  of  organic  remains  away  from  the  spots  where  they 
flonrished. 

In  subsiding  areas,  where  shallow-water  deposits  are  succeeded 
by  those  of  deeper  water,  we  may  naturally  expect  a  repetition  of 
similar  forms  in  deposits  of  different  age,  species  migrating  from 
one  area  to  another,  in  order  to  obtain  conditions  suitable  to  their 
welfare.  The  identity  of  organic  remains  can  never  afford  abso- 
lute proof  of  contemporaneity,  whether  in  the  minor  divisions  at 
home,  or  in  the  grand  divisions  abroad. 

Geologists,  familiar  with  our  British  rocks,  may  generally  recog- 
nise a  formation  when  a  good  exposure  is  shown,  whether  in  a 
railway-cutting,  quarry,  or  cliff-section,  or  they  may  determine  its 
age  by  working  out  its  relations  to  other  rocks  in  the  neighbourhood. 
But  supposing  a  geologist  to  be  placed  without  any  previous  know- 
ledge of  the  district  in  a  clay-pit,  he  might  very  easily  be  perplexed 
in  determining  whether  the  beds  be  Gault,  or  Kimmeridge  Clay, 
or  Oxford  Clay,  and  here  the  discovery  of  one  or  more  fossils 
might  determine  the  question  at  once.  In  the  same  way  he  might 
be  puzzled  with  certain  sections  of  limestone,  sandstone,  or  slate.* 
From  mere  hand -specimens  of  rock  or  pebbles,  it  is  generally 
hazardous  to  express  a  definite  opinion,  although,  at  the  same 
time,  many  such  specimens  could  be  picked  out  with  characters 
peculiar  to  the  rock,  and  therefore  determinable.  Palaeontology 
here  would  afford  often  a  ready  clue.  In  these  cases,  as  in  speci- 
mens obtained  from  well-sinkings  and  deep  borings,  both  lithology 
and  palieontology  must  check  one  another. 

In  identifying  the  age  of  a  formation,  the  test  of  superposition 
or  its  stratigraphical  relation  to  other  deposits  is,  as  a  rule,  decisive. 
Palaeontology  must  spring  from  stratigraphy.  Show  a  fossil  or  a 
set  of  fossils  (not  common  species)  to  a  Palaeontologist,  and  he 
will  probably  ask  whence  it  comes  before  naming  a  specimen. 
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It  mnst  not  be  supposed  that  I  wish  for  a  moment  to  detract 
from  the  importance  of  palaeontology,  but  the  main  facts  of  pale- 
ontology in  their  application  to  the  identification  of  strata  must 
first  be  worked  out  from  the  stratigraphical  succession  of  the  rocks, 
before  the  results  can  be  applied  as  a  key  to  isolated  or  disconnected 
portions  of  rock.  Then  geology  and  palaeontology  will  go  hand 
in  hand. 

Although  strata  may  be  identified  by  stratigraphical  position  and 
by  fossils,  Professor  H.  G.  Seeley  has  pointed  out  that  no  satisfactory 
classification  of  rocks  can  ever  be  made  by  fossils,  and  that  no  classi- 
fication true  for  any  large  aroa  can  be  made  on  mineral  characrter ; 
but  he  considers  that  strata  can  be  identified  and  correlated  by  dis- 
covering the  pbysical  conditions  which  limited,  determined,  and 
changed  their  mineral  characters,  and  changed  the  distribution  of  the 
fauna  and  flora  of  the  given  geographical  area  which  they  occupy.* 
The  value  of  Paleontology  cannot  indeed  be  disputed,  and  if  we 
cannot  identify  formations  far  separated  as  synchronous  when  tlie 
fossils  are  similar,  as  Edward  Forbes  first  taught,  we  may  still 
parallel  successive  faunas  as  Barrande  has  done.f 

Professor  Agassiz  once  expressed  the  opinion  that  the  rocks 
should  be  regarded  merely  as  the  tombs  of  the  fossils,  that  natura- 
lists should  try  to  find  out  the  animals  of  an  epoch,  and  establish 
the  limits  of  faunae  on  zoological  and  not  on  physical  principles.} 
To  this  Professor  W.  B.  Rogers  replied  to  the  efiect  that  faunas 
are  not  unfrequently  mingled  in  contiguous  formations,  that  they  do 
not  hold  the  same  precise  geological  level  or  vertical  distribution 
at  different  localities,  that  they  may  even  become  inverted  in  rela- 
tion to  each  other,  offering  in  this  and  other  cases  evidence  of 
emigration  and  re-migration  in  successive  times  ;  and  he  maintained 
that  the  precise  and  absolute  limitation  of  faunas  to  formations,  as 
advocated  by  Professor  Agassiz,  if  true  in  any  case,  is  at  best  but 
of  local  and  partial  application,  and  can  not  be  the  basis  of  a  palac- 
ontological  arrangement  of  formations.  Even  according  to  the 
ordinary  and  much  less  stringent  view  of  geological  faunaf.  Pro- 
fessor Rogers  observed  that  only  the  few  great  divisional  lines  of 
the  geological  column  are  persistent  over  extensive  areas,  while 

*  "  Aonalfl  and  Magazine  of  Natural  History,"  for  December,  1867. 
f  See  Barrande,  **  Obseryations  snr  lea  Bapnorta  de  la  Straticfraphie  et  de  la 
Pal6onto1ogie."    Bull.  Sec.  G60I.  de  France,  2e  Sdrie,  Tome  xi.^  p.  311. 
I  **  Prof^edingB,  Boston  Society  of  Natnm  History,"  Vol.  viL,  p.  241« 
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the  niimeroas  sabordinate  ones,  however  distinct  at  the  typical 
locality,  lose  themselyes  as  they  are  traced,  to  give  place  to  other 
modes  of  subdivision.* 

Our  British  geological  formations  have  been  generally  described, 
and  their  boundaries  defined  from  so  called  typical  sections,  and 
from  such  we  gain  ideas  which  are  not  unfrequently  confused  when 
the  same  formation  is  viewed  in  a  locality  removed  from  the  original 
type.  Thus,  the  terms  of  Greensand  and  Carboniferous  Limestone, 
although  true  for  some  localities,  are  calculated  to  puzzle  and  foster 
erroneous  ideas.  On  the  other  hand,  the  terms  Crag,  London  Clay, 
Chalk,  Lias,  and  Old  Bed  Sandstone,  are  applied  to  formations 
whose  chief  characters,  indicated  in  the  names,  are  persistent  over 
large  areas,  and  no  great  fault  can  be  found  with  them.f 

When  we  come  to  consider  some  of  the  subdivisions,  many  diffi- 
culties arise.  Some  of  these  have  quite  a  local  development,  and 
are  yet  sufficiently  important  to  require  separate  designation.  It  is 
not  always  easy,  nor  possible,  to  insert  them  in  their  proper  place  in 
chronological  order  with  the  larger  divisions,  which,  of  course,  they 
in  part  replace.  We  might  say  that  a  portion  of  the  Great  Oolite 
was  of  Fuller's  Earth  age,  or  vice-versd;  that  the  Mid  ford  Sands 
were  sometimes  of  Upper  Lias  age,  at  others,  of  Inferior  Oolite 
age ;  even  that  the  Middle  Lias  was  sometimes  of  Upper  Lias  age, 
and  this  because  Middle  Lias  conditions  prevailed  longer  in  one 
,  area  than  in  another,  so  as  to  be  contemporary  with  Upper  Lias 
forms  of  life  and  deposits  in  a  distant  part.  The  Oolitic  series,  as 
a  whole,  consists  of  sandy  and  clayey  strata  with  great  lenticular 
beds  of  limestone.  When  traced  from  Dorsetshire  into  Yorkshire 
it  is  found  that  three,  if  not  four,  different  classifications  of  the 
rocks,  based  essentially  upon  lithological  characters,  must  be  made 
at  different  localities.  It  would  be  difficult,  and  I  should  consider 
it  impossible,  to  correlate  these  divisions  in  regard  to  time  with  any 
great  accuracy ;  it  is  sufficient  to  say  that  such  and  such  beds  are 
**  homo  tax  eous.*' 

The  Greensand  of  the  borders  of  Dorset  and  Devon  may  repre- 
sent parts  of  the  Upper  Greensand,  Gault,  and  even  Upper  Neo- 
comian,  and  yet  it  constitutes  one  physically  connected  series,  and 
it  would  neither  be  possible  nor  profitable  to  trace  out  or  map  the 
palffiontological  divisions  that  have  been  made  in  it. 

*  **  Procpedings,  Boston  Society  of  Nataral  History/'  Vol.  vii.,  p.  234.  See  alao 
pp.  246,  273. 
t  See  paper  by  J.  W.  Jadd,  F.G.S.,  **  Oeologioal  Magaiine,"  Vol.  vii.,  p.  820. 
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The  same  might  he  said  of  the  Speeton  Clay,  which  consists  of 
a  series  of  clays  attaining  a  thickness  of  over  500  feet.  Accord- 
ing to  Mr.  Judd's  observations,  the  beds  represent  the  Upper  Neo- 
comian  (Lower  Greensand),  Middle  and  Lower  Neocomixm,  Port- 
land Beds  and  Kimmeridge  Clay.  In  his  opinion  no  portion  of 
the  series  can  be  identified  palaeontologically  with  the  Qault ;  and 
at  the  same  time  he  points  ont  the  probability  of  there  being  an 
unconformity  between  the  Neocomian  and  Jurassic  portions.  Of 
course,  in  mapping  the  beds,  it  would  be  advisable  to  separate 
the  Neocomian  and  Jurassic  strata,  but  it  is  questionable  whether 
this  or  any  of  the  palasontological  divisions  could  be  traced 
out  with  any  great  approximation  to  truth,  supposing  them  to 
extend  over  any  considerable  tract  of  country ;  and  should  there 
turn  out  to  be  no  real  unconformity  in  the  series,  it  would  be  far 
more  just  to  map  it  all  under  the  denomination  of  Speeton  Clay  ; 
a  plan  which  would  not  for  a  moment  be  calculated  to  set  aside 
the  great  importance  and  interest  attaching  to  the  natural 
history  of  the  beds,  which  has  been  so  carefully  worked  out  by 
Mr.  Judd. 

As  an  instance  of  a  pal  aeon  tological  boundary-line,  the  junction 
of  the  Lower  and  Middle  Lias  may  be  mentioned.  80  far  as 
the  south-western  counties  of  England  are  concerned,  there  really 
is  no  line  of  division  at  all,  as  the  beds  pass  into  one  another  with- 
out any  break.  The  old  divisions,  in  which  the  main  masses  of 
clay  and  limestone  were  separated,  were  much  better,  and  certainly 
more  important  so  far  as  a  geological  map  is  concerned. 

In  Buckinghamshire,  Lincolnshire,  and  Norfolk,  and  probably 
in  Sussex,  the  Kimmeridge  and  Oxford  Clays  come  in  direct 
sequence.  Unless  we  imagine  an  unconformity — and  there  is 
no  reason  for  this  supposition — the  Coral  Rag  and  Calcareous 
Grit  developed  in  Oxfordshire,  Wiltshire,  and  Dorsetshire,  are 
represented  by  portions  of  the  Oxford  and  Kimmeridge  Clays  in 
the  districts  just  mentioned.  In  these  cases  the  divisional  line 
must  be  made,  if  at  all,  by  pala'ontological  evidence,  in  which 
no  very  great  approach  to  accuracy  can  be  expected. 

The  history  of  the  classification  of  the  Cambrian  and  Silurian 
rocks  shows  how  liable  to  change  is  any  boundary-line  fixed  by 
the  occurrence  of  organic  remains.  Professor  Hughes,  in  dis- 
cussing a  paper  by  Dr.  Hicks  on  the  Arcnig  and  Llandeilo  gronps, 
recently  read  before  the  Geological  Society  of  London  (Dec.  2, 
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1874),  observed  that  the  fossils  by  which  the  rocks  were  subdivided 
did  not  occur  all  through  the  several  groups,  but  only  in  widely 
separated  zones,  and  that  between  those  zones,  sometimes  one  line 
and  sometimes  another,  had  been  taken  as  the  arbitrary  boundaiy, 
often  to  be  shifted  in  consequence  of  the  discovery  of  other  fossili- 
ferous  bands.  He  is  strongly  of  opinion  that  geologists  should  adopt 
Sedgwick's  old  classification  of  the  Cambrian  and  Silurian  rocks. 
A  well-marked  lithological  boundary-line,  as  the  Director  of  the 
G^eological  Survey  of  England  has  often  remarked  to  me,  cannot 
be  displaced ;  whereas  a  purely  palaeontological  boundary-line  is 
ever  liable  to  change. 

The  Trias  of  the  south-west  of  England  may  represent  the 
Buuter,  Muschelkalk^  and  Keuper,  and  yet  it  is  not  possible  to 
mark  out  these  divisions  to  correspond  with  any  degree  of  certainty 
with  those  made  on  the  Continent,  and  all  that  can  be  done  is  to 
map  the  separate  lithological  divisions.  My  colleague,  the  Rev.  J. 
H.  Blake,  F.G.S.,  when  carrying  on  the  Geological  Survey  in  West 
Somerset,  came  to  the  conclusion  that  the  Muschelkalk  was 
there  represented,  and  during  an  examination  of  the  country 
witli  him,  he  pointed  to  the  particular  beds  which  from  position 
and  mineral  character  he  classed  with  this  formation.  My 
own  opinion  is,  that  it  is  impossible  to  say  by  which  particular  bed, 
or  set  of  beds,  the  Muschelkalk  is  represented,  but  that  there  is  no 
reason  to  consider  its  absence  as  indicative  of  any  break,  because 
in  Devonshire  the  Triassic  beds  exhibit  no  unconformabilities,  and 
because  the  sedimentary  conditions  must  have  varied  considerably 
in  different  areas. 

Again,  so  far  as  geological  mapping  is  concerned,  it  would  not  be 
possible  to  identify  and  make  a  map  of  every  deposit  of  Gault  age 
in  England,  or  of  Upper  Lias  age,  or  of  Keuper  age,  or  indeed, 
strictly  speaking,  of  any  deposit,  seeing  that  changes  in  sediment 
and  in  organic  remains  are  not  likely  to  occur  uniformly  over  an 
extended  area,  and  it  is  impossible  to  state  with  precision  where  in 
time  one  deposit  was  represented  by  another  dissimilar.  In  fact, 
our  terms  are  mere  convenient  forms  of  expressing  an  idea ;  an 
observation  which  has  been  frequently  made. 

Our  formations,  then,  must  be  taken  to  represent  deposits  of 
essentially  similar  character  when  looked  at  in  a  large  way,  and 
characterized  by  a  particular  assemblage  of  fossils.  They  may 
become  attenuated  in  places,  and  there  represented  in  part  by 
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different  formations.  In  the  case  where  a  formation  thins  oat,  or 
becomes  attenuated,  we  must  still  applj  its  name  to  it  without 
taking  in  part  of  the  overlying  or  underlying  deposit,  even  if 
palaBontology  seemed  to  warrant  it ;  for  this  latter  plan  would  tend 
to  create  endless  confusion  in  our  geological  maps,  and  in  our 
tables  of  strata.  It  is  as  hard,  I  might  say  as  impossible,  to  de- 
termine which  is  a  t3rpical  section,  as  which  is  a  typical  species  or 
type  from  which  slightly  divergent  forms  are  termed  varieties. 

It  must  not  be  supposed  that  I  should  imagine  an  attenuation  to 
represent  necessarily  a  lesser  time  for  its  formation  than  a  greater 
thickness  of  a  rock.  Of  course  the  rate  of  deposition  of  sediment 
in  a  given  area  may  be  liable  to  much  modification,  some  portions 
for  a  time  may  even  be  without  sediment.  Nevertheless  there  can 
be  no  reasonable  doubt  that  many  of  our  geological  formations  are 
in  part  represented  by  other  formations  in  distinct  or  distant  areas; 
and  yet  by  pal  aeon  tological  evidence  we  can  seldom  draw  definite 
lines  of  demarcation.  Our  geological  classification,  so  far  as  the 
limited  tract  of  Britain  is  concerned,  must  be  mainly  constituted  on 
lithological  evidence  ;  and  our  formations,  as  recognised  and  de- 
lineated on  our  maps,  must  be  simply  regarded  as  the  expression  of 
certain  physical  conditions  which  maintained  over  a  certain  area, 
and  as  belonging  to  a  sequence  which  probably  varied  to  a  con- 
siderable extent  in  the  extension  and  duration  of  its  many  members. 
By  confining,  as  far  as  possible,  the  use  of  our  geological  terms 
to  certain  deposits — the  evidence  of  certain  physical  conditions — 
we  may  obtain  more  uniformity,  and  a  stability  in  our  tables  of 
strata,  that  will  not  be  found  if  the  divisional  lines  be  fixed  bj 
palseon tological  evidence. 

The  more  we  learn  of  the  history  of  our  strata,  and  those  of 
foreign  countries,  the  less  evidence  do  we  see  of  breaks  in  the  con- 
formity of  succession.  Of  course  there  are  gaps  that  we 
can  never  expect  to  fill  up  in  our  own  island.  But  looking  at  the 
general  results  of  geological  knowleilge,  as  applied  to  the  succes- 
sion of  strata,  and  finding  many  easy  transitions  in  rock- character 
and  fossils,  we  need  not  be  dismayed  that  our  boundary-lines  appear 
indefinite,  and  that  correlation  appears  less  exact.  The  case  becomes 
only  parallel  with  that  of  the  organic  remains  themselves,  where 
species  once  held  to  be  distinct  are  now  found  to  merge  one  into 
the  other  by  insensible  gradation,  and  not  only  species  but  genera 
also.     In  the  West  of  England  there  is  a  transition  from  the 
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nppennost  Silurian  strata  through  the  Old  Bed  Sandstone  and 
Lower  Carboniferous  rocks  into  the  Goal  Measures^each  division 
may  readily  be  traced  out  on  the  ground,  and  yet  it  is  impossible 
to  point  to  a  particular  bed  and  say,  '^  Here  is  the  j auction  1"  The 
strata  merge  one  into  the  other  as  do  the  colours  in  the  rainbow, 
and  yet  looked  at  in  a  large  way  they  are  distinct.  It  may  with 
truth  be  argued  that  both  lithological  and  palseontological  boundary- 
lines  would  be  likely  to  vary  in  different  localities,  but  whereas  the 
palieontological  boundary-line  would  be  always  liable  to  change 
from  fresh  discoveries,  the  line  drawn  in  reference  to  lithological 
characters  would  always  hold  good. 

In  conclusion,  I  may  state  that,  in  bringing  forward  this  subject 
for  discussion,  I  am  actuated  by  the  idea  that  this  course  will  be 
profitable  to  myself,  and  perhaps  to  many  other  Members  of  the 
Oeologists'  Association. 


2.  Oir    TBB    Probable    Depth    of   the    Qault   Sea. 
By  F.  G.  H.  Price,  Esq.,  F.G.S.,  M.A.I.,  &o. 

Some  months  ago  it  was  suggested  to  me  by  Professor 
Morris  that  I  should  endeavour  to  discover  the  nature  of  the 
MoUusca,  more  particularly  the  Siphonostomcs  and  Holostomes,  of 
the  Gault  which  arc  peculiar  to  restricted  horizons,  as  by  that 
means  we  should  be  able  to  ascertain  under  what  conditions  the 
beds  were  deposited.  In  this  paper  it  is  my  desire  to  shew,  as  far 
as  18  possible,  by  examining  tlie  habits  and  habitats  of  existing 
genera,  more  especially  those  which  are  probably  the  lineal  descen- 
dants of  .the  Cretaceous  forms,  the  nature  of  the  Gault  Mollusca. 
At  the  same  time  we  must  take  it  for  granted  that  their  habitats  and 
mode  of  life,  so  to  speak,  were  similar,  if  not  identical,  with  the 
habitats  and  mode  of  life  of  recent  molluscs.  I  have  taken  Mr. 
Gwyn  Jeffrey's  "  British  Conchology  "  and  Woodward's  "  Manual 
of  the  Mollusca  "  as  my  text  books  and  authorities  to  furnish  me 
with  the  required  data  as  to  the  depths  and  conditions  of  the  sea 
in  which  the  various  genera  have  been  met  with.  It  may  be  in- 
ferred from  physical  as  well  as  from  biological  evidence  that  the 
Gault  was  deposited  in  a  sinking  area,  t>.,  in  an  area  which  sank 
more  rapidly  than  the  detritus  accumulated,  whereby  the  actual 
sea  bed  was  deepened.     We  may  safely  conclude  that  most  deposits 
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have  taken  place  in  a  sinking  area ;  but  if  the  accamnlation  of 
sediment  equals  the  degree  of  depression,  nearly  the  same  level 
relative  to  the  surface  is  maintained  by  the  sea  bottom.  In  saying 
in  a  gradually  sinking  area,  I  speak  advisedly,  as  I  have  fre- 
quently found  large  species  of  Ammonites  rosiratus  in  the  Upper 
Gault  with  the  shell  on,  and  without  any  appearance  of  having 
been  rolled,  having  Plicatula  and  Anomia  of  large  as  well  as  small 
size  attached  to  them ;  thus  showing  that  the  sea  was  tolerably 
quiet,  and  the  deposition  of  the  sediment  slow,  to  have  enabled 
these  adhering  molluscs  to  grow  and  live  before  they  were  finally 
buried  ;  unless  they  became  attached  to  the  living  shell  when  in  a 
larval  state. 

Commencing  from  Bed  I.  (described  in  my  paper  "  On  the 
Gault  of  Folkestone,''  read  before  the  Geological  Society,  April 
29,  1874),  the  forms  met  with  are  for  the  most  part  littoral 
species,  and  as  we  get  higher  up  in  the  deposit  we  find  Lamin- 
arian.  Coralline,  and  deep-sea  forms  gradually  coming  in.  The 
lowest  layer  of  Bed  I.  was  formed  during  erosion,  when  the  sea 
bottom  was  probably  swept  by  strong  denuding  currents  running  at 
a  considerable  depth,  or  following  a  period  of  upheaval.  This  con- 
clusion is  arrived  at  by  examining  the  mineral  characters  of  the 
fossils  obtained.  The  first  foot  consists  of  sulphuret  of  iron  in 
the  form  of  nodules  resulting  from  the  decomposition  of  organic 
matter.  This  is  followed  by  a  band  of  nodules  containing  a  large 
quantity  of  casts  of  Ammonites  intei  ruptvs  and  other  fossils  much 
broken  up  and  rolled.  Upon  many  fragments  of  the  ammonites, 
species  of  the  family  Ostreidce  are  frequently  observed,  indi- 
cating their  contemporaneousness  with  the  formation  of  the  bed, 
Anomia  sp.,  Pecten  quinquecostatuSy  and  Plicatula  pectinoides^  are 
species  very  well  preserved.  The  rolled  specimens  are  possibly 
derived  species,  and  were  fossils  before  the  formation  of  this 
deposit.  The  sea  bed  then  probably  began  to  sink,  since  we 
find  a  seam  of  greensand  coming  on,  which  gradually  goes  off  into 
clay,  and  many  littoral  and  shallow-sea  forms  make  their  appear- 
ance, snch  as  Nuculay  Naticoy  Pholas,  and  Trigonia;  or  that 
it  was  probably  a  muddy  estuary  rather  than  an  actual  shore ;  or  if 
not  an  estuary,  a  mud  bank  some  little  way  off  land.  As  far  as 
the  remains  of  Cephalopoda  go,  it  is  very  diflBcult  indeed  to  speak 
as  to  their  habits,  especially  as  regards  Ammonites  and  Hamites; 
suffice  it  to  say  they  are  met  with  throughout  the  deposit,  and  that 
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they  were  carnivorous,  and  probably  went  wherever  Mollasca  were 
to  be  met  with^  as  (he  living  representatives  of  this  great  Class  do 
at  the  present  time.  Take  it  for  granted  that  all  the  lines  of 
nodnlcs  represent  periods  (more  or  less  vast,  possibly  eqnal  in 
time  to  many  feet  of  strata),  daring  which  denuding  currents 
swept  the  area  in  question.  My  friend  Mr.  Hudlcston  informs  me 
that  it  has  often  been  suggested  by  those  who  have  studied  the 
Cambridge  phosphate  beds  that  phosphatic  nodule  beds  are  due  to 
cold  northerly  currents.  As  many  Crustacea  are  found  to  be  con- 
temporary with  the  lines  of  nodules  in  the  Gault,  the  cold  current 
theory  may  probably  be  correct,  as  in  the  North  Atlantic  at  the 
present  day^  crustaceans  are  found  to  be  most  numerous  in  the  cold 
water  areas.* 

In  some  of  these  lines  of  nodules,  Mollusca  of  the  same  species 
obtain,  which  seems  to  point  to  the  conclusion  that  as  similar 
physical  conditions  recurred,  so  did  like  species ;  these  nodules 
notably  contain  the  carapaces  of  crustaceans. 

It  is  an  interesting  subject  to  note  that  nearly  all  the  genera 
representing  the  typical  Lower  Gault  forms  belong  either  to  the 
Littoral,  Laminarian,  or  Coralline  zones,  and  that  the  lowest.  Bed 
No.  1.,  represents  the  shallow  or  littoral  sea,  and  the  intervening 
beds  up  to  No.  VIII.  in  numerical  order  appear  to  represent  the 
Laminarian  and  Coralline  zones.  As  we  examine  the  Upper 
Gault,  ue.j  Beds  No.  IX.,  X.,  and  XL,  we  find  the  clays  become 
more  marly  until  reaching  Bed  XL,  when  chalky  conditions  set  in, 
and  with  them  deep-sea  forms  make  their  appearance  until  we 
come  upon  the  Chalk  Marl,  and  finally  the  Chalk,  which  latter  is 
generally  accepted  and  admitted  to  be  of  oceanic  origin.  This 
tends  to  prove  that  the  Gault  was  deposited  in  a  sinking  area,  and 
that  as  we  approach  the  Upper  Gault  we  meet  with  evidences  of 
the  sea  becoming  deeper.  The  marly  conditions  of  the  Upper 
Gault  likewise  indicate  deeper  seas,  and  the  appearance  of 
Terebratula  would  probably  point  towards  that  also.  Taking  the 
recent  Terebratula  vitrea  as  an  example  for  the  habits  of  the 
Terebratula  biplicata,  it  will  be  seen  in  Woodward's  "  Manual" 
that  that  species  is  found  in  the  Mediterranean  on  Nullipore  mud 
at  a  depth  ranging  from  90  to  250  fathoms.  Then  Kingena  livia 
makes  its  appearance  in  Bed  IX.,  and  continuing  upwards  it 
occurs  more   numerously  ;   this  brachiopod  may  have  enjoyed  the 

*  See  WorkM  by  Prof.  Wyville  Thomson  and  Dr.  Carpenter. 
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Bame  conditions  as  its  contemporary,  Terehraiula  biplicata.  In 
Bed  XL,  in  the  greensand  seam  Ammonites  varianSy  a  Chalk 
Marl  form,  makes  its  first  appearance.  Upon  looking  through  the 
list  of  Gault  fossil  Mollusca,  we  find  the  following  have  modem 
representatives,  the  particulars  of  the  habitats  of  which  I  have  ex- 
tracted from  Mr.  Gwjn  Jeflfrey's  "  British  Conchology." 

BRACHIOPODA. 

Terehraiula  is  an  Upper  Gault  form,  being  first  met  with  in  Bed 
VIII.  In  modem  seas  we  find  Terehraiula  cranium^  Miiller,  is 
met  with  in  50  to  90  fathoms,  on  the  north  and  east  coasts  of 
Shetland,  but  exceedingly  rare  in  a  living  state.  It  is  rather 
common  on  the  Scandinavian  coasts,  and  Dr.  Wallich  obtained 
dead  specimens  off  the  coast  of  Greenland  at  the  several  depths 
of  108  and  228  fathoms. 

Mr.  Gwyn  Jeffreys  states  that  he  has  taken  Terehraiula  caput-ser- 
peniis  at  various  depths,  from  3  to  90  fathoms ;  and  that  the  Rev.  M. 
J.  Berkeley  found  a  living  specimen  of  it  attached  to  a  rock  at  low- 
water  mark,  on  a  part  of  the  Scotch  coast,  where  the  tide  falls  only 
a  few  feet.  It  will  be  seen  from  these  remarks  that  the  genus 
Terehraiula  has  a  very  wide  range  in  Recent  seas,  yet  the  conditions 
of  the  Lower  Gault  sea  appear  to  have  been  unfavourable  to  it, 
since  it  is  not  fonnd  in  that  division. 

LAMELLIBRANCHIATA. 

Anomia. — The  habitat  of  the  modern  representative  of  this 
genus,  Anomia  ephippumy  Linne,  Mr.  Gwyn  Jeffreys  informs  us, 
is  from  low-water  to  80  fathoms  ;  that  it  attaches  itself  to  rocks, 
shells,  &c.  The  same  authority  states  that  Danielssen  dredged  it 
in  the  Scandinavian  seas  from  a  depth  of  180  fathoms.  Woodward 
gives  its  range  to  100  fathoms.  In  the  Gault  it  is  principally 
found  in  the  Lower  Gault  in  Beds  I.,  IL,  V.,  VL,  and  XL,  and 
upon  rolled  fossils  in  the  nodule  beds. 

Osirea  is  met  with  from  low-water  to  45  fathoms,  and  Wood- 
ward records  it  from  low-water  to  deep  seas. 

Fecten  is  represented  by  several  species  which,  according  to  Mr. 
Gwyn  Jeffreys,  range  from  low-water  to  200  fathoms  ;  at  the  depth 
of  150  fathoms  Pecien  Islandicua  has  been  dredged  in  the  Arctic 
seas.  Pecien  puaio  lives  in  water  at  depths  ranging  from  5  to  85 
fathoms. 

Pinna. — The  modem  representative  of  this  genus,  Pinna  rudis^ 
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Liiin6y  Mr.  Gwjn  Jeffreys  states,  is  foand  in  mnddy  or  sandy 
grarel  from  low-water  mark  to  80  fathoms.  Woodward  gives  its 
range  from  low-water  to  60  fathoms — this  data  very  well  accords 
with  the  position  in  which  Pinna  tetragona  is  met  with  in  the 
Lower  Gault,  i.e.,  Beds  II.,  III.,  IV.,  V.,  and  VI. 

Cyprina, — The  recent  Cyprina  Islandica,  Linn^,  is  met  with  in 
sand  mixed  with  mnd  from  low-water  mark  to  100  fathoms.  In 
the  Ganlt  it  is  only  found  in  Bed  VIII. 

Lima  appears  to  range  from  5  fathoms  to  227 — at  which  latter 
depth  Z.  subauriculata  was  obtained  by  Wallich  in  the  North 
Atlantic — L.  Loscombiij  G.  B.  Sowerby,  was  dredged  by  Capt. 
Beechey  off  the  Mull  of  Galloway,  in  145  fathoms.  This  latter 
species  appears  to  approach  nearest  to  Lima  parallela,  which  in  the 
Gault  is  met  with  in  Beds  II.,  VII.,  and  IX. 

Nucula. — Tills  genus  is  found  throughout  the  Gault  tnore  or 
less  numerously,  but  more  plentifully  in  the  Lower  Gault.  Becent 
species  of  this  genus  are  met  with  in  sandy  mud,  and  mud  at 
depths  varying  from  low-water  to  about  145  fathoms.  Mr.  Gwyn 
Jeffreys  states  that  Nucula  sulcata  has  been  obtained  by  Forbes 
at  depths  varying  from  45  to  145  fathoms.  Capt.  Beechey  met 
with  Nucula  nucleus  off  the  Mull  of  Galloway  in  145  fathoms. 
These  statistics  likewise  accord  veiy  well  with  what  we  find  in  the 
Gault. 

Fectunculus, — The  recent  representative  P.  glycymeris,  Liun^,  is 
met  with  from  7  to  90  fathoms,  and  the  Gault  forms  are  found  in 
Beds  II.  and  VL,  but  principally  in  Bed  VI. 

Area  and  Cvcullcea. — These  two  genera  are  collectively  met 
with  in  the  Gault  in  Beds  IL,  IIL,  VII.,  VIII.,  IX.,  X.,  XL 
Tlie  Upper  Gault  appears  to  have  been  more  suitable  to  their 
development,  as  they  are  found  more  plentifully  and  of  larger  size. 
Cucullaa  glabra  is  of  common  occurrence  in  Bed  VIIL,  and  CucuU 
Icea  carinata  obtains  much  larger  in  the  Upper  than  in  the  Lower 
Gault.  Mr.  Gwyn  Jeffreys  records  the  various  species  of  Area  as 
being  met  with  in  10  to  200  fathoms.  Area  pectunculoides  has 
bcei\  dredged  by  Forbes  in  200  fathoms  in  the  j^gean  sea.  Area 
tetragona^  Poll,  has  been  dredged  on  the  Coast  of  Norway  in  10  to 
20  fathoms,  and  at  Malin,  on  the  coast  of  Sweden,  in  from  80  to 
100  fathoms.  This  latter  species  appears  more  closely  to  resemble 
Area  {Cucullasa)  carinata  of  the  Gault,  which  is  found  in  Beds 
II.,  IX.,  X.,  XL 
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Trigonia, — The  recent  Trigonia  pecttnata  is  mentioned  by  Wood- 
ward as  being  very  numerous  in  Sydney  Harbour,  which  fact 
points  to  this  genus  being  a  shallow-sea,  which  is  borne  oat  by  its 
position  in  Bed  No.  I.  of  the  Lower  Gault. 

Astarte. — The  recent  Aaiarte  sulcata  has  been  met  with  off  the 
Mull  of  Galloway,  by  Capt.  Beechey,  in  145  fathoms,  and  north- 
wards at  depths  varying  from  8  to  160  fathoms.  Woodward  states 
that  it  has  been  met  with  at  depths  of  from  30  to  112  fathoms. 
This  genus  is  of  rare  occurrence  in  the  Gault,  being  only  met  with 
in  Beds  V.,  X.,  XI. 

Tellina  is  met  with  in  the  modem  seas  from  low-water  to  78 
fathoms ;  this  is  the  depth  given  by  Mr.  Gwyn  Jeffreys,  at  which 
Tellina  halauatina  was  dredged  off  Shetland.  This  depth  tallies 
very  well  with  those  at  which  this  genus  is  met  with  in  the  Lower 
Gault,  ».«.,  Beds  XL,  III.,  VI.,  VII.  It  is,  however,  a  rare 
fossil. 

Thracia,  Mr.  Gwyn  Jeffreys  informs  us,  is  met  with  at  from  4  to 
100  fathoms,  at  which  latter  depth  T,  convexa,  W.  Wood,  has  been 
found  off  the  coast  of  Sweden  and  Norway,  but  this  is  an  extreme 
depth.  Thracia,  off  the  British  coast,  appears  to  have  a  range  of 
from  4  to  60  fathoms.  In  the  Gault  it  is  found  in  Beds  II.  and 
VIL 

Corhula, — Corhulagihba^  Olivi,  Mr.  Gwyn  Jeffreys  tells  us,  usually 
frequents  the  Laminarian  Zone  in  mud,  sand,  or  gravel,  and  has 
been  found  in  72  fathoms  water  off  Shetland.  This  genus  is  met 
with  in  the  Gault  in  Beds  II.,  III.,  VI.,  IX. ;  rarely,  however,  in  the 
latter.  It  may  be  considered  an  essentially  Lower  Gault  form,  and 
its  position  in  those  beds  accords  with  that  of  the  recent  genus 
in  modem  seas. 

GASTEROPODA. 

Rissonia  incertata^  D'Orb.,  is  probably  represented  by  Rtssoa, 
which,  for  the  most  part,  is  a  genus  found  at  low-water  up  to 
and  in  the  Coralline  Zone,  but  principally  in  the  Littoral  and 
Laminarian  Zones.  R.  tnceviata  is  by  no  means  a  common  fossil, 
and  is  only  met  with  in  the  Lower  Gault  in  Beds  II.,  IV., 
v.,  and  VI.,  which  position  agrees  with  the  depth  at  which  ^the 
genus  is  dredged  in  modern  seas. 

Dentalium  is  common  in  the  Coralline  Zone,  and  is  recorded  by 
Woodward  as  being  found  in  from  10  to  100  fathoms  of  water.  It  is 
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numerous  in  the  Lower  GauU  in  Beds  II.,  IV.,  V.,  and  VIIL,  and 
has  been  foand  as  a  rolled  fossil  in  Bed  XI.  of  the  Upper  Ganlt. 

Turritella, — Turritella  terebra^  Linne,  the  modern  representa- 
tive of  the  genns,  is  met  with  throughout  our  seas  in  sand  and 
mud  at  from  3  to  100  fathoms.  Woodward  gives  the  range  of 
Turritella  at  15  to  100  fathoms.  It  occurs  only  in  the  Lower 
Gault  in  Beds  III.  and  VII. 

Scalaria  is  of  the  Coralline  Zone,  and  is  met  with  in  Recent  seas 
between  5  and  100  fathoms.  Woodward  puts  it  down  as  ranging 
from  low-water  to  80  fathoms.  It  is  essentially  a  Lower  Gault 
fossil,  being  met  with  in  Beds  II.,  IV.,  VL,  and  VIII.,  and  as  a 
rolled  cast  in  pyrites  in  Bod  XI.  of  the  Upper  Gault. 

Natica, — Natica  Islandica,  Gruelin,  is  rare  in  the  Coralline  Zone, 
from  7  to  79  fathoms.  This  is  possibly  the  ancestor  of  Natica 
gaultina,  D'Orb.  ==  N,  canalicvlata,  Gould  and  Sowerby.  Natica 
Alderi  is  found  everywhere  in  sand  from  extreme  low-water  mark 
to  the  greatest  depth  w^ithin  the  line  of  soundings.  This  shows 
that  the  genus  Natica  has  representatives  at  all  known  depths.  It 
is  met  with  throughout  the  Gault. 

AppotThais, — Aporrhais  pespelicam\  Linnd,  probably  the  modem 
representative  of  A,  Orhignyana  and  A,  Parkinsoni,  is  found  in  the 
Coralline  Zone,  and  occasionally  the  deep-sea  zone  also,  varying 
in  depth  from  5  to  100  fathoms.  Fossils  of  this  genus  are  met 
with  in  every  bed  in  the  Gault,  but  are  rare  in  Beds  X .  and  XI.  of 
the  Upper  Gault. 

Cef-ithium, — This  genus  is  met  with  in  Recent  seas  from  the 
Litt<»nil  to  the  Coralline  Zones,  varying  in  depth  from  the  shore 
line  to  140  fathoms.  According  to  Woodward  it  is  limited  from 
low-water  to  40  fathoms.  This  is  a  Lower  Gault  form,  never 
having  been  found  above  Bed  Yll. 

Buccinwn. — Buccinum  undatxnn  of  the  modern  seas  is  now  found 
in  all  parts  of  the  British  seas,  from  the  shore  to  the  greatest 
depths.     The  Buccinum  gaultinum  is  only  found  in  the  Gault  in  Beds 

VIL  and  VIII. 

Murex. — Murex  erinaceus,  Linne,  is  met  with  on  stony  ground,  at 

low-water  mark,  and  in  the  Laminarian  and  Coralline  Zones.  Murex 
aciculatuSj  of  Lamarck,  has  a  similar  habitat.     Murex  calcar^  Sow., 
appears  to  be  most  similar  to  Murex  erinaceus ;    it  has  only  been 
found  in  the  nodule  Bed  VIII.  of  the  Gault. 
Ftisua  inhabits  for  the  most  part    Laminarian   and    Coralline 
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Zones.  The  species  most  commoDly  fonnd  in  the  Ganlt,  t.«.,  Fusum 
indecisuSf  resembles  very  closely  F.  muricataSj  which  species  is 
found  in  muddy  sand  in  the  Coralline  Zone.  This  likewise 
accords  with  the  position  in  which  the  genus  Fu8U8  is  met  with  in 
the  Lower  Gault,  i.e.,  up  to  and  in  Bed  VII. 

Avellana. — Probably  the  modem  representative  of  this  Ganlt 
form  is  Actceon,  which  is  met  with  in  sandy  bays  at  from  low- water 
mark  of  spring  tides  to  about  20  feet.  Mr.  Gwyn  Jeffreys  records 
it  as  having  been  found  off  Shetland  in  muddy  sand  at  80  to  90 
fathoms.  Woodward  gives  it  from  low-water  to  60  fathoms.  It  is 
a  Lower  Gault  fossil  ranging  from  Bed  III.  to  Bed  YII.,  both  in- 
clusive. 

Fleurotomaria, — This  is  not  mentioned  by  Mr.  Gwyn  Jeffreys  as 

being  a  British  mollusc.     Woodward  records  two  species,  one  of 

which  occurs  in  deep  water  in  the  West  Indian  seas.     This  would 

agree  very  well  with  the  position  in  which  it  is  found  in  the  Upper 

Gault,  i,e.j  Beds  IX.  and  X.     It  is,  however,  very  rare  as  a  recent 

shell. 

TABLE  L 

Shewing  the  Stratigraphical  Ranfre  of  Lower  Ganlt  Molloaea  of  the  Higher  Beda, 
with  the  habitat  of  their  Becent  repreaentatiyea. 


Oenera  of 

Mollutoa 

ocoarriDgin 

the  Lower 

Ganlt. 

Beda  of  the 
Folkestone  Ganlt 

in  which 
each  Genna  oocnra. 

Bangeof  Becent  Speoiea 

Aftw 
Gwyn  Jeffreya. 

After  WoodwaH. 

Pinna    

Pectanonlu? 
Trigonia  ... 

Tellina 

Thraoia    ... 

Corbnia 

Biaaoina   ... 

Tnrritella ... 

Scalaria    ... 

Cerithinm... 
Bnccinnm... 
Murex  

Foana    

ActiBon 
(Ayellana). 

n.  III.  IV.  V.  VI. 

11.  VI. 

I. 

II.  Ill  VI.  vu. 

II.  VII. 

II.  Ill   VI.  IX. 

II.  IV.  V.  VI. 

III.  VU. 

(  11  IV.  VI.  VII.  VIII 

X      XI. 

II.  III.  V.  VI.  VII, 

VII,  Vlll. 

VIII.  IX. 

II.  V.  VI.  VIC. 

III.  IV.  V.  VI.  vn. 

Low- water  to  80  fma. 
7  fma.  to  90  fma. 

I^w- water  to  60  fma. 
8  fma.  to  60  fma. 
Shallow  water. 
Low-water  to  50  fma. 
4  fma.  to  110  fma. 
Low- water  to  80  fma. 

Low- water  to  78  fma. 

4  fma.  to  60  fma. 

t  ::  S  :: 

(Coralline  Zone.) 
3  fma.  to  100  fma. 

5  „    100    1. 

Low- water  to  140  fms. 

All  deptha. 

Low- water  to  50  fma. 

(Coralline  Z  me.) 
Low- water  to  50  fma. 

(Coralline  Zone ) 

Low-water  to  90  fma. 

15  fma.  to  100  fma. 

Low- water  to  80  fma. 

Low-water  to  40  fma 
Low. water  to  100  fms. 
25  fma.  to  60  fma. 

(rarely.) 
Low- water  to  70  fma. 

Low-water  io  60  fma. 

With  the  exception  of  Corlmla,  Scalaria^  and  Murex^  none  of 
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the  aboTe-named  pass  into  the  Upper  Qanlt ;  of  those  few  that  do, 
only  single  specimens  have  been  met  with ;  therefore,  we  may 
consider  the  Lower  Gault  sea  to  have  not  exceeded  100  fathoms  in 
depth,  and  it  was  probably  very  much  shallower. 

TABLE  II. 

Showing  the  range  of  Lower  Gault  genera  foond  in  the  Lower  beds,  and  which 
pass  into  uie  Higher,  or  those  which  lived  in  slightly  deeper  seas  than  the 
genera  of  Table  I,  and  whose  present  representatiTes  are  found  at  greater 
depths  — 


(Genera. 

Beds  of  the 
Folkestone  Gaolt 

in  which 
each  Genas  oocors. 

Bange  of  Recent  Species. 

After 
Gwyn  JeSnjB, 

After 
Woodward. 

Pecten 

Nacnla 

Lima... 

I.  II.  ni.  vm.  IX. 

I     XI. 

All  throaghoat. 

II.  VII.  XI. 

'  n.  III.  VII  VIII.  X. 

I      XI. 

V.  X.  XI. 

V  vn.  vm.  i:x.  xi. 
n.  rv.  V.  VIII.  XI. 

Cn.  rv.  V.  VI.  vii. 

X      VIII.  X.  XI. 

Throaghoat. 

Low. water  to  200  fms. 

Ditto  to  145  fms. 
5  fms.  to  227    „ 

Low- water  to  230  „ 

3  fms.  to  160  fms. 

Low-water  to  50  f  ois. 
(Coralline  Zone.) 

7  fms.  to  79  fms. 

5  fms.  to  100  f ois. 

Low.  water  te200  fms. 
5  fms.  to  100          „ 

10  fms.  to  200         „ 

30  fms.  to  112        „ 
Low-watertolOO   „ 
10  fms.  to  100         „ 

Low.waterto90     „ 
Low-watertolOO    „ 

Area 

Astarte 

Cardita 

Dentaliam 

Natica  

Aporrhais 

The  genns  Area  becomes  more  frequent  in  the  Upper  Gault. 

The  Siphonostomata  are  confined  to  the  Lower  Grault,  with  the 
single  exception  of  Eostellaria,  The  genera  are  Pteroceraa^  Murex, 
Pyrula^  Fusus,  and  Buccinum, 

The  Holostomata  are  not  so  restricted,  as  a  few  examples  of  that 
division  are  met  with  throughout  the  deposit,  such  as  Aporrhait^ 
Natica^  and  Dentalium,  but  the  last  named  is  not  so  frequent  in  the 
top  bed. 

The  following  is  a  list  of  Ilolostomes: — Naiica^  Aporrhais,  Den- 
talium,  Solarium  and  Scalaria,  met  with  in  both  Upper  and  Lower 
Gault.  Pleurotomaria  in  the  Upper  Gault  only.  Natica,  Cerithium 
Turritella,  Rissoina,  Fhasianella,  Acmcea,  Avellana  =  Action,  from 
the  Lower  Gault  only.  Aporrhais,  although  classed  by  §ome 
authors  amongst  the  Holostomes,  and  said  to  be  a  herbiverous 
mollusc,  is  really  carnivorous. 

I  inquired  of  Mr.  Henry  Woodward  some  time  ago  as  to  whether 
he  could  furnish  me  with  any  information  as  to  the  depth  at  which 
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Becent  Cmsiacea,  which  might  be  considered  to  be  descended  from 
the  fossil  species,  are  found.  His  opinion  was  that  in  consequence 
of  so  very  little  'being  known  as  to  the  limit  of  depth  at  which 
Becent  species  are  met  with,  he  did  not  think  we  could  take  the 
Crustacea  into  account  in  the  present  paper. 

I  may,  however,  remark  that  they  are  found  much  more  numer- 
ously in  the  beds  oi  the  Lower  Gault  than  in  the  Upper.  8ome 
forms,  such  as  Necrocarcinus  Bechei,  Homolopsis  Edwardsti,  Hoplo- 
paria  longimana,  Palceocorystea  Broderipiiy  are  restricted  to  the 
Lower  Gault.  Palceocorysies  Stokesii  is  a  species  which  is  met  with 
occasionally  in  the  Upper  Gault  beds  IX.  and  X.  All  these  species 
appear  to  indicate  that  they  did  not  inhabit  very  deep  seas,  which 
I  think  is  substantiated  by  the  fact  of  most  of  them  occurring  in 
or  near  to  nodule  beds.  Etyus  Martini^  on  the  other  hand,  occurs 
very  seldom  in  the  Lower  Gault,  and  those  forms  that  are  found 
are  small,  whereas  in  Bed  X.  in  the  Upper  Gault,  they  are  larger, 
and  even  numerous.  Diaulax  Garteriana  is  another  genus,  x>robably 
inhabiting  deep  water,  found  in  Bed  XI. 

In  conclusion,  I  think  that  these  deductions  tend  to  prove  that 
the  Lower  Gault  was  a  near-shore  or  muddy  estuarine  deposit,  and 
that  in  course  of  time,  as  the  sea-bed  gradually  sank,  so  did  that 
sea  naturally  become  deeper  and  deeper^  as  I  have  endeavoured  to 
show  by  the  slow  disappearance  of  littoral  and  laminarian  forms, 
and  by  the  incoming  of  genera  of  deeper  seas. 

As  the  general  results  of  this  Paper  are  deduced  from  our  present 
knowledge  of  the  published  range  of  certain  genera,  I  do  not 
overlook  the  fact  that  certain  species  of  Gault  Mollusca  whose 
habitat  cannot  possibly  be  known,  can,  to  a  certain  extent,  modify 
observations  drawn  even  from  the  comparison  of  apparently  closely 
allied  species  with  Becent  ones  whose  habits  are  known. 


8.  Note  on  the  Flora  of   the   Gault  with  Descriptiom  of 

A  NEW  Pine  Cone. 

By  William  Carruthers,  Esq.,  F.B.S.,  President  of  tte 

Geologists'  Association. 

The  Flora  of  the  Gault  as  at  present  known  consists  of  only  a 
few  species  of  coniferous  fruits.  In  1 866,  M.  Coemans  described 
the  remains  of  an  interesting  flora  from  La  Louviere,  in  Belgium, 
consisting    of  numerous   coniferous  cones,  pieces  of  resin,  frag- 


W.  GARRUTUBRS  ON  THE  FLORA  OF  THE  QAULT.       279 

ments  of  coniferous  wood,  pieces  of  acicular  and  trigonal  leaves 
all  belonging  to  the  genus  Pinus,  and  the  stem  of  a  cjcadean  plant. 
All  the  coniferous  fragments  were  referred  to  eight  species  of  the 
genus  FinuSy  all  of  them  new,  and  the  cycadean  plant  was  also  an 
undescribed  species.  These  fossils  are  all  completely  carbonised, 
and  are  preserved  in  plastic  clays.  They  are  considered  to  be  of 
the  same  age  as  our  Gault,  from  which,  however,  no  plant  remains 
of  any  kind  had  been  obtained  until  within  the  last  few  years.  For 
them  we  are  indebted  to  Mr.  J.  S.  Gardner,  F.G.8.  They  have  been 
described  by  me  in  the  **  Geological  Magazine"  for  1869  and  1871. 
Mr.  F.  G.  H.  Price,  F.G.S.,  has  placed  in  my  hands  another  species, 
a  cone  belonging  to  the  genus  PinuSy  and  to  that  section  which  has 
the  apophyses  of  the  scales  thickened  and  pyramidal.  Including 
this  cone  we  have  now  from  the  English  Gault  five  species  of  plants 
all  from  the  beds  at  Folkestone,  and  all  belonging  to  the  Coniferce, 
It  is  obvious  that  these  fragmentary  remains  found  in  Belgium  and 
England  are  but  the  feeblest  index  of  an  extensive  vegetation 
which  is  yet  unknown  to  us,  and,  like  the  upland  flora  of  the  Car- 
boniferous period,  is  probably  entirely  lost  to  us,  except  from  these 
rare  morsels  that  were  floated  down  into  the  calm  lakes  or  seas  in 
which  the  fine  mud  of  the  Gault  clays  was  deposited.  We  may 
speculate  as  to  the  associates  of  these  coniferous  plants  in  their 
native  habitats,  but  we  have  no  information  as  to  their  nature. 
They  might  be  the  precursors  of  the  dicotyledonous  vegetation 
which  in  the  immediately  succeeding  periods  flourished,  but  it  is 
more  probable  that  the  water  which  brought  down  the  cones  and 
wood  buried  at  La  Louviere  and  Folkestone  skirted  in  its  progress 
some  forests  consisting  entirely  of  coniferous  plants,  like  those  on  the 
western  regions  of  North  America.  The  flora  of  the  Gault  is  the 
last  from  which  dicotyledonous  plants  are  absent.  Cryptogamous 
plants,  Gymnosperms  and  Monocotyledons,  constituted  the  whole 
of  the  previous  vegetation  of  the  globe  as  far  as  we  yet  know  it 
from  the  remains  that  have  been  discovered.  This  state  of  things 
terminates  with  the  Gault,  for  the  superior  Cretaceous  beds,  so 
closely  allied  with  the  Gault  in  their  animal  remains,  introduce 
the  higher  organised  vegetation  characteristic  of  the  newer  beds 
and  of  our  own  day. 

The  fossils  from  Folkestone  belong  to  two  genera,  Pinua  and 
Sequoia.  No  traces  of  a  cycad  have  been  seen  at  Folkestone,  and 
no  fragment  of  a  Sequoia  has  been  observed  at  La  Louviere.  This 
may  be  considered  as  indicating,  from  the  facts  at  present  known  to 
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118,  that  the  Belgian  flora  was  the  more  aDcicnt  of  the  two,  bat  I 
am  not  inclined  on  this  evidciice  to  eeparate  them  in  time. 

The  three  speciea  of  Pmus  — viz.,  P.  hexagonun,  P.  gracHit,  and  P. 
Pricei,  belong  to  the  Pinea  group  of  the  genus  Pinns.  The  genuB  Se- 
quoia of  the  present  day  is  confined  to  two  species,  and  these  occur 
only  on  the  Californtan  mountains  on  the  western  aspect  of  North 
America.  Associated  with  them  arc  a  nnmbcr  of  species  of  pine 
which  belong  to  the  section  Pinea,  and  are  indeed  clusely  related  to 
the  forma  which  have  been  fonnd  fossil  at  Folkestone.  We  have 
then  here  an  indication  of  the  association  of  plants  in  geographical 
areas.  This  is  the  furthest  limit  in  the  history  of  vegetation  on  our 
globe  to  which  we  can  carry  the  science  of  the  geographical  distri- 
bution of  plants.  In  the  association  of  dicotyledonous  fonns  which 
-  appear  in  the  latest  Cretaceous  and  the  Tertiary  beds  we  have 
forms  and  often  genera,  now  indigenous  to  the  same  provinces  found 
tc^ether  in  the  same  depositB.  But  in  the  beds  of  Secondary  age, 
older  than  the  Gault,  we  have  not  yet  discovered  any  association 
of  forms  leading  up  to  the  present  distribution  of  the  vegetable 
kingdom,  while  in  the  Palteozoic  rocks  there  appears  to  be  no  data 
for  geographical  botauy,  as  the  species  in  a  large  number  of  casea 
were  common  to  all  regions  of  the  globe. 

I  have  mach  pleasure  in  associating  with  the  new  cone  the 
name  of  our  Treasurer,  to  whom  I  am  indebted  for  it.  It  may  be 
described  as  follows : — 

Pintles  Pricei,  sp.   nov.     Cone  

ovate -cylindrical,  elongated,  nn- 
eqnaUsided,  slightly  carved,  one 
inch  and  five-eighths  long,  and 
seven-eighths  broad  ;  scales  on  the 
inner  surface  flat,  closely  adpressed, 
on  the  outer  surface  with  a  thick- 
ened projecting  pyramidal  apex  or 
apophyses,  which  was  very  much 
developed  towards  the  bafe  of  the 
convex  or  outer  half  of  the  cone. 

From  the  Oault  of  Folkestone: 
collection  of  F.  Q.  H.  Price, 
Esq.,  F.G.S. 

Tlie  single  specimen  found  is  a 
partially  opened  cone,  the  large 
scales  on  the   outer  half  having 
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spmng  out  from  the  axis.  As  the  scales  of  ripe,  open  cones 
always  return  to  their  original  place  when  placed  in  water,  one 
would  ha7e  expected  that  this  cone,  after  floating  in  the  Gault 
seas,  and  being  buried  in  the  moist  sand,  would  have  had  all  its 
scales  closelj  adpressed  to  the  axis.  It  is  probable  that  it  was  so 
far  decayed  that  the  fibres  had  lost  their  power  of  contraction 
through  the  absorption  of  moisture,  and  this  is  further  shown  by 
the  apices  of  the  scales  having  been  worn  by  friction.  None  of 
the  apophyses  of  the  scales  arc  perfect.  The  base  of  the  cone  is 
turned  round  to  the  inner  side  as  in  the  unequal  sided  cones  of  our 
own  day.  This  cone  approaches  among  living  species  nearest  to 
Finns  contorta,  Douglas,  and  P.  Hudsonica,  Poir,  both  North 
American  species,  and  found  on  the  western  mountains  of  the 
continent. 


VISIT    TO    THE  PALiEONTOLOGICAL    COLLECTION 
OF  THE  MUSEUM  OF  PRACTICAL  GEOLOGY. 

April  8rd,  1875. 
Director — Robert  Etheridoe,  Esq.,  F.R.S.,  P.G.S.,  &c. 

The  collection  of  fossils  illustrative  of  the  Stratigraphical  Geology 
of  the  British  Islands,  preserved  in  the  Museum  of  Practical  Geo- 
logy, is  displayed  in  cases  and  drawers  in  the  two  galleries  of  the 
Museum,  the  Lower  being  devoted  to  Paleozoic  fossils,  and  the 
Upper  to  Mesozoic  species,  while  a  stratigraphical  arrangement 
prevails  throughout  the  whole  collection. 

Commencing  with  the  Cambrian  and  Silurian  fossils,  Mr. 
Etheridge  described  the  contents  of  the  many  cases  of  fossils, 
summarising  the  general  characters  of  the  fauna  of  each  great 
group  of  British  rocks  from  the  lowest  to  the  highest.  For 
upwards  of  three  hours  the  learned  lecturer  succeeded  in  obtaining 
the  interested  attention  of  the  Members,  as  he  led  them  from  the 
MoUuscan  and  Crustacean  marvels  of  the  Cambro- Silurian  rocks 
to  Devonian  corals  and  fishes,  and  on  to  Carboniferous  Brachiopoda 
and  plant-remains,  and  then  through  the  Upper  Gallery  with  its 
palfieontological  treasures  from  Jurassic,  Cretaceous,  and  Tertiary 
formations. 

Subsequently  the  Director  conducted  the  visitors  to  the  Offices 
of  the  Palaeontological   Department,  where  he  pointed  out  and 
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explained  the  method  of  registering  and  cataloguing  the  enormous 
number  of  specimens  which  find  their  way  to  this  great  storehouse 
of  the  organic  remains  obtained  by  the  Officers  of  the  Geological 
Survey  and  others  from  the  British  Sedimentary  Bocks. 


EXCURSION  TO  RIDDLESDOWN  AND  CROYDON. 

April  17th,  1875. 

Directors — Caleb    Evans,    Esq.,   F.G.S. ;    and   J.    Logan 

LoBLEY,  Esq.,  F.G.S. 

Leaving  the  train  at  Caterham  Junction  station,  Members  had 
but  a  few  yards  to  walk  to  the  fine  section  of  the  Upper  Chalk  at 
the  western  extremity  of  Riddlesdown.  At  the  foot  of  the 
section,  Mr.  Lfbley  described  generally  the  great  Chalk  for- 
mation as  displayed  in  England,  and  pointed  out  the  peculiarities 
of  this  section.  Professor  Morris,  who  was  one  of  the  party, 
then  described  the  conditions  which  must  have  prevailed  during 
the  period  of  the  deposition  of  the  Chalk,  and  explained  the 
relations  of  this  formation  to  Cretaceous  strata  occurring  in  the 
Continental  area.  Gradually  ascending  the  Down,  while  proceed- 
ing eastwardjthe  Members  attained  an  elevation  which  enabled  them 
to  obtain  fine  views  of  a  portion  of  the  Chalk  country,  with  its 
finely  swelling  hills  and  riverless  valleys,  formed  by  the  North 
Downs. 

On  reaching  the  mouth  of  the  half-made  tunnel  of  the  aban- 
doned Surrey  and  Sussex  Railway,  the  ardent  geologists  imme- 
diately entered  the  excavation,  and  very  assiduously  examined  the 
Chalk  with  its  nodular  and  tabular  flint  here  exposed.  Mr.  Caleb 
Evans,  who  has  made  the  geology  of  this  district  his  own,  and 
who  has,  from  his  observations  of  the  various  Chalk  sections  of 
this  neighbourhood,  obtained  sufficient  evidence  to  enable  him  to 
divide  the  Chalk  into  palaeontological  zones,  explained  that  the 
beds  here  exposed  are  the  "  Upper  Kenley  Beds,"  containing  an 
assemblage  of  fossils  markedly  different  from  the  fauna  of  the 
Purlcy  Beds,  higher  in  the  series,  and  also  from  that  of  the  imme- 
diately underlying  Lower  Kenley  Beds.  While  Inoceramns  Cuivieri 
is  wanting  in  the  Upper  Kenley  Beds,  it  is  present  in  both  the 
Purley  Beds  and  the  Lower  Kenley  Beds.     Holaater  planus  and 
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Micraster  cor-hovis  occur  in  the  Lower  Kenley  Beds,  but  are 
not  found  in  the  Upper,  which  appear  to  be  characterised  by  the 
abundance  of  three  of  the  best-known  of  Chalk  species,  Micraster 
cor-anguinumf  Ananchytea  ovatus,  and  Spondylua  apinosus. 

In  his  paper  "  On  some  Sections  of  Chalk  between  Croydon 
and  Oxtead,*'  Mr.  Evans  fully  describes  this  and  other  sections 
exposed  by  the  work  for  the  formation  of  the  railway ;  and  the 
following  list  of  species  from  the  Upper  Kenley  Beds  of  this 
locality  is  giren  : — 


Protossoa— 
Cephalites  campanulatns,  Smith. 
Brachioliiea  ooDYoIntns,  Smith. 

ECHINODEBMATA — 

Ananchytes  oyatns,  Leeke. 
Micraster  cor-angninum,  Goielin. 
Cidaris  YeBicnloBa,  Gk>ldf . 

POLTZOA— 

Desmeopora  semioylizidrioa,  B89m. 

Flnstra. 

Horners  or  HomaBosoIen. 


Bbachiopoda— 

Terehratnla  camea,  Sow. 

„         eemigloboea,  Sow. 

Bbyoohotiella  limbata,  Schlo. 
„  Manielliana^  Sow. 

Crania  IgnabergensiB,  BetE, 
Lavillibranghiata— 

Pecten  qniDqaeooatatoa,  Sow. 

Spondylu  spinosiu.  Sow. 
Pisces— 

Lamna. 


The  summit  of  the  Down  was  then  crossed,  and  following  a 
pretty  country  lane  the  party  struck  the  London  and  Brighton 
road  at  the  picturesque  grove  called  **  Purley  Oaks,"  near  to  which 
is  the  Chalk  quarry  in  which  was  found  a  grapite  boulder,  possibly 
deposited  on  the  bed  of  the  old  Chalk  sea  by  an  iceberg  from  the 
ice- capped  lands  of  the  Cretaceous  Epoch. 

A  rapid  walk  of  a  mile  brought  the  Members  to  the  outskirts  of 
Croydon,  where  the  Cretaceous  rocks  give  place  to  the  Tertiaries 
of  the  London  Basin,  the  southern  edge  of  which  is  here  found. 
Near  to  the  conspicuous  tower  of  the  Croydon  Waterworks,  a 
large  excavation  affords  a  good  exposure  of  the  junction  of  the 
Secondaries  and  Tertiaries,  the  Chalk  with  the  overlying  Thanet 
Bands  being  well  exposed.  This  was  the  last  section  visited ;  and 
the  party  subsequently  took  train  to  London. 
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EXCUESION  TO  WATFORD. 

May  IsT,  1875. 

Directoi*8. — John  Evans,  Esq.,  F.R.S.,  President  of  the  Geological 
and  Watford  Natural  History  Societies ;  Professor  Morris, 
F.G.S.  y  and  John  Hopkinson,  Esq.  F.G.S.,  Hon.  Sec.  to  the 
Watford  Natural  History  Society. 

In  consequence  of  very  unfavourable  weather,  the  published 
programme  of  this  excursion  (which  had  been  arranged  in  conjunc- 
tion with  the  Watford  Natural  History  Society)  was  abandoned, 
and  a  shorter  route  decided  upon.  After  assembling  at  Holly  Bank, 
the  residence  of  Mr.  John  Hopkinson,  the  party,  under  that  gentle- 
man's guidance,  crossed  the  country  to  the  east  of  Watford,  through 
which  runs  the  Colne,  in  a  Chalk  valley  with  an  alluvium  bottom 
and  slopes  covered  in  places  with  gravel.  On  the  further  side  of 
this  valley,  Professor  Morris,  illustrating  his  remarks  by  specimens 
taken  from  the  spot,  described  the  gravel  as  Drift  re-arranged  and 
re*distributed  by  fluviatile  action,  since  not  merely  rolled  portions  of 
flints,  but  subangular  pebbles  of  quartzite,  sandstone,  lydianstone, 
and  fragments  of  other  rocks,  found  only  at  considerable  distances 
to  the  north  and  west,  occur  abundantly  in  the  gravels  of  this  and 
other  valleys  subsidiary  to  the  great  Thames  Valley. 

At  Berry  Wood  a  quarry  section  exposes  the  Chalk,  witli  a  very 
irregular  surface  underlying  a  capping  of  Drift.  Mr.  John  Evans 
here  interested  the  party  by  producing  perfectly  regular  cones 
from  Chalk  flints,  by  simply  striking  the  flint  nodules  sharply  with 
a  hammer,  the  impact  of  the  hammer  causing  an  increased  density 
of  the  particles  composing  a  cone  the  apex  of  which  is  the  point  of 
impact.  This  section  is  close  to  the  river  Colne,  which  at  this 
place  runs  parallel  with,  and  at  a  short  distance  from,  the  northern 
edge  of  the  London  Tertiary  Basin.  The  Colne  receives  the  rain- 
fall of  a  considerable  Eocene  area,  which,  after  percolating 
through  the  Drift  and  Lower  Eocene  sands,  passes  into  the  Chalk, 
and  subsequently  makes  its  way  into  the  river,  in  some  cases  by 
springs  in  or  close  to  its  bed.  In  the  beautiful  grounds  of  "  Otters- 
pool"  are  several  of  these  springs,  giving  forth  never-failing 
streams  of  the  clearest  water.  Six  are  at  the  bottom  of  the  pool, 
and,  together,  yield  no  less  than  800,000  gallons  of  water  a  day, 
forming  a  not  inconsiderable  affluent  of  the  Colne.     The  party. 
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through  the  kindness  of  Mr.  S.  T.  Holland,  the  proprietor,  visited 
this  remarkable  and  picturesqae  pool,  which,  by  a  sounding,  was 
found  to  be  16  feet  deep ;  but  so  clear  is  the  water,  that  the  chalk 
bottom  and  even  the  springs  in  the  deepest  part  could  be  distinctly 
seen. 

In  proposing  a  vote  of  thanks  to  the  Directors,  Mr.  Lobley  re- 
minded the  Members  that  that  was  the  first  occasion  on  which  they 
had  been  led  by  a  President  of  the  Geological  Society,  and  he 
trusted  that  this  might  be  taken  as  evidence  of  the  good  will  now 
existing  between  the  two  societies,  each  of  which  he  hoped  would 
continue  to  act  vigorously  in  its  own  way ;  the  Geological  Society 
promoting  the  advancement,  while  the  Geologists'  Association 
furthered  the  dififusion,  of  geological  knowledge. 

On  returning  to  Watford,  the  party  were  very  hospitably  enter- 
tained at  HoUy  Bank  by  Mr.  and  Mrs.  James  Hopkinson  previoili 
to  the  departure  for  London  by  the  evening  train. 


ORDINARY  MEETING,  May  7th,  1875. 

J.  LoQAN  Lobley,  Esq ,  F.G.8.,  F.R.G.8.,  Vice-President,  la 
the  Chair. 

The  following  Donations  were  announced  : — 

** Abstracts  of  Proceedings  of  the  Geological  Society;"  from 
that  Society. 

"  Transactions  of  the  Manchester  Geological  Society ;"  from 
that  Society. 

"  Catalogue  of  Library  of  the  Manchester  Geological  Society  ;" 
from  that  Society. 

"Journal  of  the  Society  of  Arts,"  April,  1875;  from  that 
Society. 

*'  Annual  Report  of  the  East  London  Naturalists'  Society, 
1875  ;*'  from  that  Society. 

"  Watford  Natural  History  Society,  Laws  and  List  of  Mem- 
bers;" from  that  Society. 

"  Report  of  the  Coal  Commission,  1871  ;"  from  John  A. 
Coombs,  Esq.,  F.G.S. 

The  following  were  elected  Members  of  the  Association : — 

Alfred  F.  Bret,  Esq.,  M.D.,  Vice-Pres.  Wat.  Nat.  His.  Soc. ; 
Matthew    Hamilton    Gray,   Esq. ;    Albert  J.   Campbell,    Esq. ; 
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William  Charles  Lucy,  Esq.,  P.G.8. ;  John  Grant,  Esq. ;  Colonel 
J.  J.  Gibb ;   Charles  Salisbury,  Esq.,  B. A. 

The  following  Paper  was  read  : — 

On  the  Relationship    between   the    Sohme  River  and  the 

SOMME  Yallet. 

By  Jambs  Parker,  Esq.,  F.G.8.,  Hon.  Fel.  Ash.  Soc. 

The  subject  to  which  it  is  my  purpose  to  draw  attention  in  this 
Paper  is  the  relationship  of  the  Somme  River  to  the  valley  which 
bears  its  name.  Much  has  been  written  about  the  lithological 
character  of  the  sand  and  gravel  beds  which  appear  on  the  slopes 
of  this  valley,  and  about  the  organic  remains  discovered  in  their 
midst;  and  much  discussion  has  taken  place  as  to  the  analogies 
existing  between  these  beds,  and  those,  to  all  appearance,  deposited 
under  similar  circumstances  elsewhere  in  France,  as  well  as  in  our 
own  country.  But  while  these  details  have  received  so  much 
attention,  it  seems  to  me  that  the  far  greater  question,  namely, 
how  they  came  to  be  distributed  in  the  positions  in  which  we  find 
them  ; — that  is,  why  some  are  on  the  surface  of  the  plateau,  some 
in  the  hollows  of  the  combes,  some  at  the  bottom  of  the  valleys, 
while  others  are  on  the  sloping  sides  of  the  same  valleys — ^has  not 
received  the  attention  it  deserves,  or,  rather,  obtained  the  answer 
it  requires  before  any  conclusion  can  be  drawn  from  the  minor  con- 
siderations of  the  lithological  character,  or  the  organic  remains 
of  the  beds  in  question. 

It  has  been  assumed  that  the  River  Somme  deposited  them 
there,  and  that,  therefore,  no  further  questions  need  be  asked  on  this 
head.  But  this  assumption  involves  another,  namely,  that  the 
river  having  deposited  the  gravels,  cut  a  valley  through  them ;  or, 
rather  (what  this  assumption  practically  comes  to),  that  the 
River  Somme  made  the  valley  which  we  now  see.  As  a  necessary 
consequence,  too,  it  must  be  assumed  that  the  tributary  streams 
made  the  tributary  valleys;  and,  in  a  word,  that  the  present 
contours  of  the  country  are  wholly  due  to  river,  or  similar  subaerial 
action. 

It  is  my  purpose,  then,  to  examine  the  basis  of  these  assump- 
tions.    I  propose  to  ask,  and  to  supply  an  answer  to  the  question, 
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whether  the  River  Sommo  can  have)  in  any  sense  which  may  he 
applied  to  the  words,  made  the  Somme  Valley,  This  lies  at  the 
root  of  the  other  qaestions  which  follow  from  it.  If  it  cannot 
have  made  the  valley,  we  have  a  strong  li  priori  argument  at  least 
that  it  coald  not  have  deposited  the  gravels  high  np  on  the  slopes, 
or  cat  throngh  them  afterwards. 

And  in  treating  the  subject  I  propose  to  follow  a  line  of 
argument^  and  to  introduce  considerations  which  have  not,  as  far  as 
I  have  observed,  been  treated  by  writers  on  the  Somme  Valley. 
I  propose  to  ask  your  attention  to  the  river  as  a  whole,  and  the 
district  as  a  whole,  as  this  seems  to  me  to  be  not  only  the  natural 
order  of  proceeding,  but  also,  as  I  venture  to  say,  in  this  particular 
instance,  the  only  right  way  of  treating  the  subject. 

The  district  to  which  I  have  to  call  attention  is,  speaking 
generally,  the  ancient  province  of  Picardy,  traversed  by  the  River 
Somme  from  east  to  west.  So  much  of  it  as  belongs  to  the  con- 
sideration of  the  question  at  issue  is  shown  in  the  accompanying 
map.  It  will  be  seen  that  this  map  includes  the  whole  of  the 
water-shed  of  the  Somme,  together  with  that  of  some  six  or 
seven  minor  rivers,  not  tributaries  of,  but  supplementary  to,  the 
Somme.  In  a  word,  the  map  shows  the  Basin  of  the  Somme ; 
and  in  order  to  bring  this  point  prominently  forward,  a  series  of 
figures  representing,  in  English  feet,  the  heights  of  the  more 
prominent  elevations  in  each  district  are  given  on  the  map  ;  on 
comparing  them  a  general  rise  will  be  seen  to  exist  from  the  centre 
towards  both  the  northern  edge  and  the  southern  edge.  Also  a 
rise  (but  not  so  great  a  one)  towards  the  eastern  end.  The 
western  side  is  open  to  the  sea,  and  though  high  hills  occur 
reaching  to  the  water's  edge,  where  in  many  places  along  the  shore 
they  appear  as  cliffs,  still  the  average  level,  especially  as  the 
mouth  of  the  Scmmc  is  reached,  shows  a  considerable,  though 
very  gradual,  fall  from  the  eastern  end. 

The  general  idea  would  be  represented  by  cutting  a  very  shallow 
spoon  across  the  middle,  the  upper  end  near  the  handle  represent- 
ing the  ground  whence  the  highest  tributary  stream  of  the  Somme 
rises.  Along  the  most  depressed  part  the  trunk-stream  of  the 
Somme  flows,  but  it  does  not  drain  the  whole.  Two  or  three 
streams  run  parallel  with  it  (but  independently  of  it),  on  the  north 
side,  and  two  or  three  also  on  the  south  side. 

On  the  north  we  have  the  Canche  flowing  out  at  Staples,  the 
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Authie  flowing  into  the  bay  of  that  name.  Then  a  small  drainasre 
stream  scarcely  to  be  reckoned.  Then  the  Somme  itself  flowing 
past  St.  Valery,  into  a  much  larger  bay  than  that  of  the  Authie, 
South  of  this  will  be  found  the  Bresle,  reaching  the  sea  at  Tr^port, 
the  Yeres  near  to  Criel  and  the  Aulne  and  Bethune,  haying  united 
themselves  together,  finally  discharging  themselves  into  the  sea 
at  Dieppe. 

While  the  trunk  streams  flow  more  or  less  in  a  straight  line 
towards  the  sea,  at  the  head  of  most,  and  more  especially  at  the 
head  of  the  Somme,  are  a  series  of  ramifying  streams.  lu  the 
latter  case  they  join  the  trank  jast  above  Amiens.  In  the  case  of 
the  Authie  just  above  Doallens,  of  the  Bethune  just  above 
Neufchatel. 

The  tributaries  which  discharge  their  waters  into  the  trunk 
streams,  it  will  be  observed,  flow  in  a  general  sense  at  right  angles 
to  those  streams.  There  is  no  tendency  whatever  to  deflection  in 
a  westerly  direction,  such  as  one  would  suppose,  had  they  owed 
their  origin  to  any  great  flow  of  water  from  the  east  When  they 
bifurcate  or  ramify,  they  do  so,  on  the  whole,  very  evenly,  in  re- 
lation to  their  general  downward  course.  I  only  briefly  touch 
upon  these  points  in  this  general  description  of  the  map,  as  they 
will  necessarily  be  referred  to  again  when  I  come  to  the  argument. 

Before,  however,  quitting  the  general  description  of  the  map,  I 
should  add  that  it  may  be  relied  upon  for  the  accuracy  of  the  general 
lines  of  the  rivers  and  their  branches,  as  it  is  a  reduction  of  the 
French  Ordnance  Survey,  to  one  fourth  the  scale.  That  is,  each 
English  inch  on  the  reduced  map  represents  as  nearly  as  possible  five 
miles.*  The  district  here  given  is  comprised  in  sheets  No.  6,  7,  and 
8, 11,  12,  and  18,  20,  21,  and  22,  in  all  nine  sheets  of  that  Survey. 
It  will  be  observed  that  small  portions  at  the  N.W.  and  S.W. 
comers,  beyond  Montreuil  and  Dieppe  are  unavoidably  omitted. 

In  order  to  bring  more  clearly  into  view  the  course  of  the 
rivers,  I  have  omitted  all  the  lines  of  roads,  and  communal 
boundaries,  and  of  canals  and  railroads,  which  tend  to  confuse  a 
map,  when  used  for  the  purpose  of  studying  the  physical  features 
only.  Also  the  names  of  places  are  omitted  (with  the  exception 
of  very  few,  which  are  retained  for  the  sake  of  speedy  reference  to 

*  The  French  Ordnance  Sarrey  is  bq^qq  conseqaently  the  scale  is  not  so  large 
as  the  one-inch-to  a  mile-scale  of  our  own  Ordnance  Map.  The  map  I  have 
given  is  gg^ngo,  which  will  be  found  to  be  one  inch  to  about  6'05  miles. 
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the  district,  should  any  reader  care  to  compare  this,  map  with 
others). 

It  was  impossible  to  follow,  on  the  reduced  scale,  all  the  lines  of 
hill-shading  represented  on  the  larger  scale,  and  even  in  that  case 
the  numerous  undulations  are  only  very  incompletely  shown,  or 
rather,  only  the  chief  contours  are  taken  notice  of.  In  the  present 
map  then,  the  brown  hill- shading  must  be  accepted  as  exhibiting  only 
the  more  important  contours,  and  then  only  approximately.  While 
the  shading  tends  to  give  a  general  idea  of  the  country,  I  do  not 
think  it  can  in  any  way  suggest  any  false  notions.  It  remains  to 
add  that  the  red  figures  represent  approximately*  the  heights  of  the 
points  above  the  mean  sea  level,  in  English  feet.  They  are  selected 
from  a  much  more  extensive  series,  the  highest  in  any  one  spot 
always  being  chosen.  Consequently  they  do  not  by  themselves  afford 
data  for  computation  of  the  average  height  of  the  hills  in  that  part. 
Still,  by  taking  the  highest  in  any  one  district,  and  comparing  it 
with  those  in  another,  a  general,  and  noi  often  inaccurate,  idea  can 
be  gained  of  the  relation  which  the  heights  of  the  hills  bear  to 
each  other  in  the  two  districts.  It  would  be  beside  my  purpose  in 
this  Paper  to  give  any  detailed  account  of  the  geology  of  the  country, 
but  I  must  insert  a  few  words  to  show  the  general  uniform  character 
of  the  district  under  consideration. 

It  may  be  roughly  described  as  an  undulating  Chalk  hollow,  very 
slightly  depressed,  much  broken  into  combes  and  valleys  (and  con- 
sequently presenting  numerous  hills),  but  with  the  main  level  of  the 
synclinal  axis,  as  already  described,  sloping  very  gently  seaward,  t>., 
to  the  west  or  north-west.  Along  this  synclinal  axis,  the  hills  vary 
very  much  in  height,  as  will  be  seen  by  noticing  the  figures  along  both 
sides  of  the  Somme  ;  but  on  the  whole,  the  fall  is  exceedingly  slight. 
For  instance,  if  a  line  be  drawn  from  the  top  of  the  hills,  im- 
mediately above  the  source  of  the  Somme  (and  these  represent 
the  average  height  of  the  anticlinal,  between  the  two  great  water 
sheds  of  the  Somme  and  Oise),  to  the  top  of  the  hill  just  below  St. 
Valery,  overlooking  the  bay  of  the  Somme,  it  will  be  found  that 
the  fall  is  only  250  feet  in  75  miles,  t.^.,  at  the  rate  of  3-3  feet  per 
mile,  or  a  gradient  of  1  in  1,600. 

*  The  French  heights  are  onlj  given  in  metres,  so  that  practioallj  a  margin 
of  a  foot-and-a-lalf  or  more  is  allowed  either  way.  In  reducing  I  have  taken 
the  nearesi  English  feet  to  the  metre  given.  Probably  none  of  the  heights  are 
more  than  two  feet  out  of  the  actual  height,  and  the  majority  within  a  foot« 
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Tbe  greater  part  of  this  undulating  Chalk  territory,  so  far  as  I 
have  had  opportunity  of  observing,  is  covered  by  sands  or  loams,  va- 
rying in  thickness  from  one  to  six  feet,  in  the  higher  portions,  and 
not  much  more,  as  a  rule,  on  the  slopes  of  the  valleys.  In  some 
cases,  however,  and  especially  in  the  latter  position,  the  thickness 
of  these  deposits  extends  to  15  or  20  feet,  and  in  one  or  two  isolated 
instances,  to  still  more. 

Amidst  these  sands  or  loams,  gravels  are  frequently  interspersed  : 
sometimes  the  pebbles  are  distributed  very  sparsely  and  irregularly 
amidst  the  sands ;  at  other  times  they  form  latnince,  perhaps  not 
more  that  an  inch  thick.  In  many  cases  they  lie  in  long  beds,  but 
undulating  and  varying  in  thickness.  Sometimes,  also,  but  only 
under  certain  conditions,  beneath  the  sands  and  loams  is  an  under- 
lying mass  of  gravel,  several  feet  thick,  the  pebbles  of  which  attain 
to  a  considerable  size,  and  are  mixed  with  large  unbroken  flints. 
It  is  in  these  thicker  beds  that  most  of  the  flint  implements  have 
been  found. 

The  deposits  of  gravel,  it  should  be  added,  consist  in  some  places 
chiefly  of  broken  angular  flints,  in  others  of  rolled  flints,  and  pebbles 
of  various  kinds.  In  most  places  the  two  are  combined,  but  in 
varying  proportions.  The  rule,  indeed,  is  for  the  beds  to  vary  con- 
siderably, oftentimes  in  the  short  distance  which  one  section  may 
present.  At  one  time  much  sand  is  mixed  with  the  gravels  ;  at 
other  times  they  are  bedded  in  accumulations  composed  chiefly  of 
loose  chalk,  and  while  rolled  masses  of  chalk  appear  frequently 
with  them,  there  are  many  instances  in  which  laniinsB  of  flne  chalk 
grains  occur  alternating  with  the  sands. 

The  point,  however,  on  which  I  would  insist  in  this  general 
description  is  this.  Although,  perhaps,  for  the  most  part  these 
gravel  beds  occur  low  down  in  the  valleys,  this  is  not  an  absolute 
rule,  nor  is  there  any  consistent  line  to  be  drawn  in  relation  either 
to  the  river,  or  an  imaginary  mean  level,  above  or  below  which  they 
occur.  For  instance,  the  renowned  gravel  deposits  of  the  two  pits 
belonging  to  the  Frevillcs  are  quite  eighty  feet  above  the  Sommo 
River,  but  just  above  them,  within  500  yards,  very  similar  beds  are 
found  at  one  hundred  feet  above  the  Sonmie  level.  This  is  by  no 
means  the  highest  level  of  the  hills  in  the  neighbourhood,  as  some 
near  to  this  spot  rise  to  200  feet,  and,  in  places,  to  even  more,  above 
the  Somme  at  that  part  of  its  course.  But  then  these  hills  arc 
capped  almost  throughout  by  the  same  sandy  loams,  the  very  same 
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loams  (to  all  appearance)  which  cover,  or  are  interpersed  with  the 
main  gravel  deposits  at  much  lower  levels. 

So,  then,  these  beds  of  sands  and  loams  (often  intermixed  with 
gravels)  are,  practically  speaking,  of  one  general  uniform  character, 
spread  over  the  hills  and  valleys  without  regard  to  levels.  They  are 
also  spread  over  the  whole  district,  without  respect  to  the  immediate 
presence  of  the  Somme,  or  its  tributaries.  The  neighbourhood 
of  St.  Valery  presents  the  same  general  features  as  the  neighbour- 
hood of  Amiens,  and  when  once  on  the  high  ground  near  Amiens, 
it  is  difficult  to  discover  any  points  of  real  lithological  difference 
between  it  and  the  neighbourhood  of  St.  Quentin.* 

And  now  I  would  ask  attention  to  one  or  two  considerations 
arising  fr6m  the  circumstances  which  I  have  pointed  out,  in  connec- 
tion with  the  Geography  and  Geology  of  the  district. 

I  pointed  out  especially  the  parallelism  of  the  trunk  streams  of 
the  six  or  seven  rivers.  They  belong  evidently  to  the  same 
system  of  drainage.  And,  as  I  have  also  pointed  out  the  uniform 
lithological  character  of  the  district,  it  follows  that  the  River  Somme 
must  have  had  a  common  origin  with  the  other  streams.  It  cannot 
be  separated  from  the  river-system  to  which  it  belongs.  In  other 
words,  no  theory  as  regards  the  origin  of  the  Somme  can  be  held, 
unless  it  can  be  applied  to  that  of  the  supplementary  rivers.  Nor 
can  I  see  how  the  tributary  streams  can  be  excepted.  For 
it  is  evident,  when  taking  into  account  all  the  circumstances,  the 
whole  district  has  been  divided  out  into  combes  and  valleys  by  one 
common  action,  and  on  one  uniform  principle.  The  map  shows 
this,  but  an  examination  of  the  district  itself  affords  the  more  con- 
vincing evidence.  Now,  if  the  theory  of  the  fresh-water  excavation 
of  the  main  valleys  and  of  the  tributary  valleys  be  held,  we  must 
imagine  that  all  the  ridges  and  higher  levels,  from  which,  as  the 
map  shows,  the  higher  tributary  streams  descend,  were  once  burst- 
ing in  all  directions  with  springs  of  water,  each  possessing  its  own 
excavating  force.  Thus,  and  thus  only,  is  it  possible  to  conceive 
how,  on  the  fresh- water  theory  of  their  origin,  the  results  which 
the  map  shows  were  obtained.  If  it  be  not  so,  whence  came  the 
water  ?  whence  the  erosive  power  ? 

But  next,  for  the  water  from  these  springs  to  have  had  any 

*  I  perhaps  shonld  add  that  my  recollection  of  the  different  pits  in  these  two 
districts  leads  me  to  think  that,  on  the  whole,  the  ^Tel  is  more  frequent  and 
more  abondiuit  in  the  neighbourhood  of  Amiaui  than  in  that  of  St.  Qaentin. 
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force,  it  mast  have  had,  to  begin  with,  a  certain,  if  not  a  considerable 
fall,  and  one  must  therefore  pre-suppose  the  main  valley  to  be 
already  in  existence  to  receive  it.  It  is  the  same  whether  we 
regard  those  falling  direct  into  the  trunk  stream  of  the  Somme,  or 
those  of  any  of  the  higher  tributaries  at  the  head  of  the  river,  the 
water  from  which  must  have  had  some  lower  level,  presented  by  the 
Somme  valley,  into  which  to  find  its  fall,  and  so  give  it  the  needed 
excavating  force.  But  then  it  must  be  borne  in  mind  (and  I  have 
to  speak  more  fully  of  this  presently)  it  is  the  water  from  the 
tributaries  which  go  to  make  up  the  water  of  the  River  Somme. 
Without  these  it  could  have  had  no  existence.  Consequently,  to 
say  that  the  Somme  excavated  this  very  valley,  which  was  necessary 
to  its  being  called  into  existence,  is  simply  absurd. 

But  there  is  another  difficulty,  and,  if  possible,  a  still  greater  one, 
in  supposing  that  water  issued  from  springs  on  the  tops  of  tlie 
ridges  dividing  the  several  trunk  streams  which  mainly  drain  the 
district.  To  produce  these  springs  you  must  have  water-bearing 
strata  on  the  plateau  whence  they  descended,  collecting  and  throw- 
ing out  the  water  at  given  spots.  This  is  not  the  case  here,  nor 
could  it  have  ever  been  the  case,  since  the  last  elevation  of  the 
district  from  the  bed  of  the  sea. 

It  is  a  Chalk  district,  and  although  the  comparatively  thin  over- 
lying deposits  will  in  places  collect  and  retain  the  rain-water  (let  it 
be,  however,  particularly  noted  that  the  origin  of  these  very  beds  is 
attributed  to  the  action  of  the  Somme  River  !),  it  is,  I  shall  pre- 
sently show,  when  speaking  of  the  main  Somme  Channel,  very  ex- 
ceptionally that  this  occurs  ;  in  other  words,  there  are  no  springs 
at  all  which  can  be  properly  so  called,  or  which  could  serve  the 
purpose  required.  On  the  contrary,  each  combe  or  tributary 
valley  (whether  in  the  second,  third,  or  fourth  degree,  like  the 
valleys  which  in  the  upper  part  bifurcate  and  ramify  to  a  great 
extent,  as  the  map  will  shew)  is,  and  was,  entirely  dependent  on 
the  rainfall  on  its  own  slopes,  or  on  adjacent  slopes  communicating 
with  it,  for  the  water  which  now  passes,  or  which  ever  passed 
along  its  valley  bed,  since  it  was  exposed  to  the  atmosphere. 
Consequently,  this  consideration  shews  that  the  tributary  valleys 
must  have  been  in  existence  before  the  presence  of  the  very  water, 
which,  according  to  the  erosive  theory,  is  supposed  to  have  formed 
tbem. 

When,  finally,  both  these  argnments  are  taken  into  considera- 
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tion,  those  who  adopt  the  freshwater  erosive  theory  will  find  them- 
selves in  this  dilemma.  They  will  see  that  the  presence  of  the 
streams  of  the  tribatariea  can,  ou  their  hypothesis,  only  be 
accounted  for  by  supposing  the  previous  existence  of  the  main 
valleys  to  receive  the  water ;  but,  on  the  other  hand,  the  very 
water  which  they  hold  to  have  excavated  the  main  valley  could 
only  have  been  obtained  by  supposing  the  pre-existence  of  the 
tributary  valleys. 

There  is  still  one  more  consideration  to  which  I  have  only 
briefly  adverted  in  describing  the  map,  and  which  I  would  recall  again 
here.  All  the  tributary  streams  flow  into  the  trunk  streams,  in  a 
general  sense,  at  right  angles — i.e.,  north  and  sonth — although,  as 
shewn  by  the  map,  the  general  drainage  of  the  country  is  from 
east  to  west.  Those  who  adopt  the  erosive  origin  of  the  valleys 
would  admit,  I  suppose,  ex  hypothesi,  a  tolerably  level  plateau  dip- 
ping towards  the  sea.  On  what  principle,  then,  could  the  water  in 
so  regular  a  manner,  as  the  map  shows,  have  flowed  in  the  two 
directions  simultaneously ;  or,  if  not  simultaneously,  why  should 
there  have  been  a  change  ? — and,  if  a  change,  which  was  the  first 
direction  of  the  drainage  7  Compared  with  the  previous  diffi- 
culties which  I  have  pointed  out,  these  may  not  be  thought  of  so 
important  a  character,  but  still  they  may  be  well  taken  into  account, 
when  weighing  the  merits,  or  the  fallacies  of  the  erosive  theory. 

I  have  now  completed  the  arguments  which  I  propose  to  adduce 
from  a  consideration  of  the  district  as  a  whole ;  I  proceed  now  to 
consider  those  which  seem  to  me  to  be  aflbrded  by  a  consideration 
of  the  river  as  a  whole. 

The  Somme  from  its  head  (which  is  some  twelve  miles  N.E.  of 
St.  Quentin)  to  its  mouth  at  St.  Valery,  measures  in  its  course,  as 
nearly  as  I  can  compute  it,  124  English  miles.  Although,  as  is 
seen  by  the  map,  the  lower  part  or  trunk  runs  in  a  direct  line,  the 
upper  part,  which  is  scarcely  distinguishable  as  to  general  outline 
from  the  tributaries,  winds  considerably  amidst  the  Chalk  hills, 
especially  near  Peronne.  So  that,  while  from  its  head  to  the 
mouth  the  direct  line  measures  but  74  miles,  the  windings  in  this 
part  add  another  50  miles  to  its  course. 

It  is  nowhere  what  would  be  called  a  wide  river,  and  in  many 
places  it  is  very  shallow.  It  may  be  compared  to  the  Thames ; 
the  part  between  Abbeville  and  Amiens  being  similar  to  the  latter 
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river  between  Teddington  and  Reading.  A  few  miles  above  Amiens 
it  is  yery  like  the  Thames  above  Oxford. 

Last  year  I  took  the  opportunity  of  making  an  excursion  np  to 
its  Tery  head,  and  what  I  saw  there  impressed  me  forcibly  with  the 
difficulty  of  accounting  for  the  phenomena  seen  along  the  line 
of  the  river,  on  any  hypothesis  of  river  denudation.  At  the  back 
of  the  little  village  named  '^  Font-Somme"  (so  called  from  its  being 
the  place  of  the  source),  and  beneath  some  very  gently  sloping 
ground,  appears  what  is  best  described  as  an  ordinary  village  pond, 
some  twenty  or  thirty  feet  across.  The  bank  on  the  road  side 
rises  some  six  or  eight  feet  above  the  bottom  ;  on  tlie  field  side 
about  two  or  three  feet.  A  few  steps  down  the  slope,  and  I  found 
myself  standing  in  the  middle  of  the  pond.  I  should  add,  the  only 
vestige  of  water  was  a  small  puddle  not  more  than  an  inch  deep  in 
its  deepest  part,  and  perhaps  a  couple  of  feet  across  at  the  widest 
measurement  60  small  was  it  that  I  did  not  notice  it  at  all  till  I 
had  been  there  some  time.  On  the  side  beneath  the  road- bank 
there  appeared  to  be  some  loose  and  fissured  chalk,  and  from 
amongst  this  I  learnt  that  the  water  came,  when  it  came  at  all. 
My  informants — two  labouring  men  on  the  farm  hard  by — further 
told  me  that  the  pond  had  been  in  this  state  for  three  months.  As 
this  was  in  August,  and  the  ground  all  around  very  dry,  and  as 
there  was  not  much  rain  for  some  time  afterwards  I  shall  probably 
not  be  far  wrong  in  saying  that  the  source  of  the  Somme  was  dry 
for  four  or  five  months  last  year  (1874)  ;  and  I  understand  that 
this  was  by  no  means  an  exceptional  year  in  that  respect. 

An  examination,  however,  of  the  neighbourhood  immediately 
adjoining  this  dry  pond,  more  than  all  led  me  to  the  conclusion  that 
it  was  utterly  impossible  for  the  water  from  that  source  to  have 
played  any  part  in  the  conformation  of  the  district.  The  hills  im- 
mediately surrounding  it  are  but  gently  rising  tracts  ;  their  slightly 
undulating,  or  sometimes  almost  level  summits,  never  exceeding 
180,  or  at  most  200  feet  above  the  level  of  the  pond,*  and  to  reach 

*  The  five  chief  hille  ranging  ronnd  the  hasin  in  which  the  eonrce  of  the 
Somme  liee  are  marked  in  the  Surrey  as  94,  94,  97,  111,  and  121  metres  re»pGc- 
tiTcIy,  i.e.,  =  308  to  397  Enjrlish  feet  above  the  mean  level  of  the  aea  at 
Havre,  which  is,  I  rtokon,  220  feet  below  the  source  of  the  Somme,  at  the 
*'  pond"  of  which  I  have  been  speaking.  Bejond  these  hills  there  are  one  or  two  ex- 
ceptional  hills  which  rise  above  400  feet  (and  one  even  to  571,  abont  five  miles  (.ff), 
but  the  average  height  is  not  above  400 ;  and  though  this  is  debuteable  ground,  both 
from  the  map  and  from  the  general  aspect  of  the  district,  I  came  to  the  oonola* 
si  on  that  if  the  rain  which  fell  upon  the  beds  of  sand  in  the  higher  part  l^^and 
its  way  into  any  river  at  all,  it  was  into  the  Oise,  and  not  into  the  Somme. 
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them  one  has  to  walk  a  distance  of  a  mile  or  two  miles  at  the 
least.  The  little  ditch-like  channel  (which  at  first  I  mistook  for  a 
path)  from  which  the  water  flows  when  the  pond  is  fnll  shows  the 
slight  power  possessed  by  the  water  to  effect  change  ;  and  as  the 
fountain  head  could  not  obviously  have  been  higher  up  or  lower 
down,  we  have  practically  the  gauge  of  the  work  it  has  done  ever 
since  any  water  has  flowed  from  it. 

If  the  force  of  the  water  supplied  by  the  Somme  is  or  was  in- 
creased, it  can  or  could  have  been  so  only  by  additions  from  the 
tributary  streams  lower  down,  and  the  result  would  be  that  we 
should  have  to  suppose  that  some  valleys  were  excavated  in  one 
way,  and  others,  precisely  similar,  in  a  totally  different  way. 
Again  :  the  area  of  supply  must  always  have  been  as  restricted  as 
it  is  now,  for  when  we  connect  the  phenomena  which  are  presented 
on  the  spot  with  the  information  which  the  map  affords,  we  see 
that  the  drainage  of  the  hills  on  the  other  side  (and  within  a  radius 
of  less  than  two  miles) ,  falls  away  to  the  Oise,*  and  is  by  this  river 
carried  down  to  the  Seine ;  or,  if  higher  hills  still  are  reached 
which  lie  further  eastward,  we  find  all  the  drainage  passes  do\m 
into  the  Meuse,  and  so  into  the  German  Ocean,  so  that  we  cannot 
look  for  a  supply  elsewhere  than  whence  it  is  now  derived. 

It  will  be  well  here  to  speak  of  one  or  two  of  the  circumstances 
which  especially  attend  the  Sonmie  in  its  course,  as  they  explain 
very  clearly  the  machinery,  so  to  speak,  of  the  supply  of  the  water 
which  flows  down  the  main  channel.  I  have  already  pointed  out 
that  the  proper  source  is  dry  for  some  four  or  five  months  in  the 
year,  and  an  examination  of  how  this  upper  tributary  of  the  main 
stream  was  gathering  its  water  meanwhile,  will  go,  I  think,  far  to 
explain  the  whole  system. 

The  little  watercourse  from  the  pond  was  also,  as  I  have  said,  for 
some  distance  dry*  After  some  time,  however,  it  becomes  wider, 
and  the  bottom,  though  it  could  scarcely  be  said  to  have  much 
water  in  it,  was  covered  at  least  with  wet  mud.  Where  I  observed 
this  first,  I  observed  also  that  between  the  road  which  runs  at  the 
bottom  of  the  slope  of  the  valley  and  the  ditch  in  question,  there 
lay  a  considerable  extent  of  marsh  land.  It  could  scarcely  be 
called   peat,   though   the   soil   approached   very    nearly   to    that 

*  A  c  'rner  of  the  Oise  jaat  appears  in  the  map.  I  hare  not  complicated  the 
map  by  puttiDg  in  the  streams  which  belong  to  the  different  watersheds,  but  I 
have  thought  it  well  to  shew  a  portion  of  the  Oise,  aod  the  source  of  the 
Scheldt. 
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Bubstance  both  in  colour  and  in  textnre.  The  openings  in  the 
ditches,  cnt  for  drainage  purposes,  and  one  or  two  larger  cuttings 
possibly  for  the  same  purpose,  showed,  in  many  instances,  some- 
thing like  water  at  the  bottom,  there  being  various  degrees  ex- 
hibited between  absolute  water  and  absolute  mud. 

After  following  the  course  for  a  mile  or  so,  this  ditch,  whidi, 
theoretically,  would  be  called  the  stream  of  the  Somme,  had  dis- 
tinctly water  in  it.  Thence  tracts  of  marsh  land,  at  intervals 
varying  some  quarter  of  a  mile  or  so  in  width,  continue  as  far  as 
St.  Quentin ;  and  here  I  noticed  a  very  large  expanse,  a  mile  or 
more  in  extent,  covered  with  water,  but  of  no  great  depth,  as  the 
weeds  and  rushes  showed  themselves  above  the  surface.  -  No  doubt 
this  large  expanse  of  water  (now,  to  all  appearance,  a  mere 
stagnant  pool)  receives  at  times  some  water  from  the  stream  of  the 
Somme  proper;  that  is,  to  put  the  matter  more  accurately,  it 
receives  some  part  of  the  rainfall  of  other  valleys  or  combes  than 
its  own-T-many  of  them  lying  between  St.  Quentin  and  Fon- 
Bomme.  But,  for  the  most  part,  it  is  undoubtedly  dependent  on 
the  rainfall  of  the  few  ravines  and  combes  which  open  out  into 
it,  for  its  supply  of  water.  One  little  tributary,  too,  appeared  to  be 
aiding  it,  and  this,  again,  I  found  rose  in  an  accumulation  of  peat- 
earth  some  two  miles  off,  just  beneath  the  village  of  Homblieres. 
The  presence  of  these  marshes  and  pools  is  no  exceptional  pheno- 
menon ;  on  the  contrary,  it  may  be  almost  described  as  constant,  for 
as  we  follow  the  stream  down  to  its  very  mouth,  close  to  St. 
Yalery,  we  shall  find  that  for  scarcely  any  distance  its  banks  are 
free  from  the  supplying  influence  of  these  accumulations — holding 
the  water,  as  they  do,  Hke  a  sponge  ;  and  when  we  look  at  the 
smaller  tributaries,  we  find  them  like  the  first  I  have  named, 
rising  from  a  sponge  of  this  kind. 

There  are,  in  fact,  very  few  springs  properly  so-called  in  the 
Somme  district  at  all,  as  an  examination  of  the  large  Ordnance 
Map  will  shew.  I  had,  however,  an  opportunity  of  examining  one 
which  might  be  called  so,  from  which  water  was  still  flowing, 
namely,  the  Fontaine  de  Cohu,  near  to  Hangest.  There  was  a 
steep  hollow  beneath  the  side  of  a  road,  which  was  carried  along 
the  base  of  a  rapidly  rising  escarpment  of  Chalk,  but  I  ob- 
served the  chalk  was  much  broken,  and  it  was  beneath  the 
shattered  portion  that  the  water  of  the  spring  very  gently  oozed — 
sufficient,  that  is,  to  float  a  straw  at  the  rate,  as  nearly  as  I  could 
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guess,  of  a  mile  an  hoar.  But  just  below  this  spring,  about  a 
foot  or  so,  and  not  a  hundred  yards  off,  was  a  current  of  water 
flowing  briskly,  having  its  rise  and  increase  in  a  series  of  paludal 
accumulations  extending  more  or  less  persistently  the  whole  of  the 
eight  miles  up  the  little  valley,  down  which  the  little  stream  was 
still  running  so  rapidly  beneath  the  bright  August  sun,  while  all 
the  fields  near  were  dry  and  parched.  At  the  very  head  the  marsh 
ground  in  which  it  takes  its  rise  is  some  hundred  feet  above  the 
spring  to  which  I  have  referred,  and  all  along  its  course,  and 
especially  just  above,  and  I  may  almost  say  behind,  the  escarpment 
from  which  the  spring  exudes,  there  are  these  accumulations. 
That  some  of  the  water  of  the  stream  (which,  I  may  mention, 
turns  two  mills  in  its  short  course  of  eight  miles)  should  be 
diverted  some  few  hundred  yards  from  its  main  line,  and  pass 
through  some  fissured  chalk,  is  in  nowise  extraordinary ;  but  it  was 
the  only  example  I  found  of  a  running  spring  during  several  days* 
exploration. 

I  have  dwelt,  however,  on  the  circumstances  attending  the  Fon- 
taine de  Cohu  and  the  stream  which  flows  past  it,  and  which 
bears  the  name  of  the  Rnisseau  de  St.  Landon,  because  I  believe 
the  latter  to  be  eminently  typical  of  the  lesser  tributaries  which 
supply  the  River  Somme  and  neighbouring  rivers  with  water. 

I  much  expect  that  the  spring  at  the  head  of  the  8omme  is, 
after  all,  of  a  similar  character.  The  Oise  flows  behind  it^  and,  as 
far  as  I  can  judge,  at  a  slightly  higher  level,  for  it  is  tapped  by  a 
canal  which  is  tunnelled  actually  through  the  very  hill  beneath 
which  the  source  of  the  Somme  lies ;  and  passing  out  within  one 
hundred  yards  of  the  spot,  the  water  in  it  is  at  least  six  feet  above 
the  highest  point  the  water  could  have  reached  in  the  pond. 

The  River  Oise,  I  noticed,  was  very  low  at  the  same  time  the 
spring  was  dry.  Without  more  investigation  than  I  had  time  to 
give,  and  without  more  favourable  circumstances,  I  cannot  say  for 
certain  that  some  of  the  marsh  lands  which  usually  give  off  a  supply 
for  the  Oise  behind  the  Fonsomme  hills,  may  not  at  times  give  off 
by  some  subterranean  fissure  a  supply  of  water  which  turns  this  dry 
hollow  into  a  pond  ;  but  that  this  water  possessed  an  excavating 
force,  or  was  ever  at  a  higher  level,  it  is  impossible  to  conceive. 

This  lesson,  however,  it  seems  to  me  is  to  be  learnt  from  the 
phenomena  which  the  "  ruisseau"  and  the  "  fontaine  "  present  to  us, 
namely,  how  wholly  the  Somme  is  independent  of  any  springs,  in 
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the  usqbI  acceptation  of  this  term.  On  tbe  contrarr,  it  is  wbollj 
dependent  on  tbe  rainfall  of  its  own  imme<iiate  rallejs  and  raTines, 
held  in  suspension  bj  tbe  marshes  and  peat  bogs — the  ^*  maraiB" 
and  "  tonrbieres,"  as  thej  are  called — irhicb  bare  accnmnlatedin 
their  hollows. 

The  less  extensire  the  accnmnlation  of  snch  water-holding 
(rather  than  water-bearing)  media,  the  less  the  supply;  and  so 
the  courses  of  the  streams  in  tbe  upper  parts  of  the  tributaries  are 
narrow,  but  become  more  and  more  bountifollj  supplied  as  thej 
pass  by,  or  through,  more  of  tbe  sponge-like  reservoirs,  though  no 
spring  or  brook  aids  the  stream,  and  erery  ditch  away  from  the 
marsh  has  been  dry,  it  may  be,  for  months  previously. 

But  more  than  this,  it  is  hard-indeed,  to  my  mind,  impossible — 
to  conceive  any  other  state  of  things  in  this  district  which  would 
produce  a  supply  of  water.  The  pervious  Chalk  banks,  covered 
in  many  places  with  such  tbin  coatings  of  tbe  sandy  or  loamy  beds 
that  the  wonder  is  how  they  retain  moisture  sufficient  to  preserve 
the  crops  during  the  dry  months,  seem  to  oppose  absolutely  the 
theory  that  they  could  ever  have  given  a  supply  of  water  in  other 
ways  than  they  do  now.  So  that  these  tributaries  throw  in  their 
quota  of  evidence  in  the  same  direction  as  that  derived  from  the 
general  aspect  of  the  district — namely,  first  the  valleys  were  called 
into  existence,  and  then  (and  not  till  then)  the  formation  of  the 
streams  and  rivers  which  flow  along  them  took  place,  and  these, 
and  these  alone,  made  the  Somme. 

But  the  main  stream  of  the  Somme  itself,  in  respect  of  its  de- 
pendence upon  tbe  tourbieres,  is  the  most  remarkable  of  all.  What 
we  find  in  the  tributaries  is  developed  ten-fold  in  the  main  channel. 
Here  the  small  reed-growing  bogs  and  marshes  are  superseded  by 
vast  peat  bogs  of  the  extent  of  which  only  an  actual  inspection  can 
giye  any  idea. 

Generally  a  mile  wide,  often  more,  they  extend  sometimes 
several  miles  in  length  without  interruption ;  and  here  there  will  be 
seen  also  large  pools,  or  even  lakes,  of  water  from  whence  tbe  peat 
has  been  dug.  I  have  found  these  lakes  to  be  often  18  or  20  feet 
deep ;  and  thus,  besides  the  water-bearing  power  of  the  peat  itself, 
we  have  a  series  of  largo  reservoirs.  So  that  it  appears  to  me, 
were  all  the  tributaries  of  the  Somme  cut  off  or  diverted,  the  main 
stream  would  still  flow  gradually  on  for  several  months  without  any 
yery  perceptible  change  in  the  level. 
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A  few  moments'  attention  to  the  diagram  of  the  neighbourhood 
of  Amiens,  which  I  have  inserted  at  one  comer  of  my  map,  will 
show  the  normal  condition  of  the  Somme  Valley  throughout 
almost  all  its  lower  course ;  the  only  difference  being  that  the  extent 
of  the  natural  reservoirs,  which  I  have  described,  is  greater  as 
we  descend  towards  Abbeville,  and  less  as  we  ascend  to  St. 
Qneutin. 

The  edge  of  the  tourbiere,  at  Longueau,  is  seen  ;  and  it  will  be 
observed  that  these  numerous  channels,  which  are  cut  in  all  direc- 
tionSy  mainly,  I  conceive,  for  purposes  of  drainage  and  irrigation, 
hold,  in  the  aggregate,  an  enormous  qnantitj  of  water. 

This  accumulation  of  peat — this  sponge-bed,  as  I  may  term  it, 
of  the  Somme — practically  provides  the  measure  of  the  height  of 
the  stream.  The  Somme  cannot  rise  higher,  because  water  cannot 
rise  higher,  than  its  parent  bed.  And  the  Somme  appears  never  to 
have  risen  higher  than  now  but  by  a  foot  or  so  at  most ;  at  least, 
there  are  no  traces  on  its  banks,  and  it  is  inconceivable  that  under 
the  conditions,  if  it  had  once  been  higher,  none  should  have  been 
preserved.  Here  and  there,  no  doubt,  there  has  been  some  slight 
change  in  the  course.  In  one  place  the  stream  has  been  divided, 
in  another  it  has  been  artificially  turned,  or  its  water  diverted 
to  assist  the  canal  which  flows  the  whole  length  of  its  course 
— by  its  side — or  very  nearly  so.  Slight  changes  of  this  kind, 
are,  however,  utterly  insignificant,  and  cannot  for  one  moment 
be  of  any  account  in  the  work  which  the  Somme  is  supposed,  by 
the  **  River -action  Theory,"  to  have  performed. 

I  have  no  time  to  speak  of  the  history  of  this  peat  formation  ; 
nor  space  to  give  the  sections  which  I  have  made  of  some  of  the 
ty})ical  workings.  All  I  wish  to  insist  upon  now  is  the  important 
office  it  serves  in  the  collection^  storing,  and  regular  supply  of 
water  to  the  river  throughout  the  whole  course. 

Just  as  in  the  supply  of  water  to  the  higher  tributary  streams, 
these  beds  of  the  main  river  have  a  part  to  play  ;  so  also  as  regards 
the  main  stream  they  have  the  same  part,  but,  to  a  greater  degree, 
to  perform.  Without  the  aid  of  the  marais  and  the  incipient 
tourbieres,  the  rainfall  of  the  upper  combes  and  valleys  would 
pass  off,  or,  at  most,  form,  here  and  there,  ponds  and  lakes,  should 
any  obstruction  occur.  At  one  time,  however,  they  would  be  full 
to  overflowing  with  water — at  others,  they  would  be  perhaps  dry 
from  evaporation,  and  absence  of  a  fresh  supply,  and  that  would  be 
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all.     There  would  be  no  regular  continual  stream  provided  by  the 
tributaries  ;  no  steadily  flowing  river  in  the  main  valley. 

The  machinery  for  producing  the  regular  flow  which  we  see  the 
Somme  to  have,  consists  simply  of  these  marshes  and  peat  bogs ; 
but,  it  must  be  borne  in  mind,  they,  and  their  supply,  could  hare 
had  nothing  to  do  with  the  formation  of  the  valleys,  because  the 
valleys  must  have  existed  before  they  themselves  could  be  formed 
in  their  hollows. 

A  few  words  should  here  be  added  upon  the  very  gentle  fall  of 
the  river  Somme  itself.  We  have  seen  that  in  one  of  the  tribu- 
taries I  have  named  (and  there  are  others  similar)  the  slope  is 
exceedingly  rapid,  i.e.,  100  feet  in  eight  miles,  or  about  1  in 
420  gradient.  But  in  the  main  line  of  the  Somme  this  is  never  the 
case.  The  river  has  to  run  124  miles,  and  it«  highest  starting 
point  is  only  220  feet  above  the  level  of  the  sea.  This  too  must 
always  have  been  its  highest  point,  for  water  falling  on  the  other 
aide  of  the  bill  which  bounds  the  source  on  the  east,  falls  away  to 
the  Oise  (as  I  have  said),  while  that  from  the  hills  towards  the 
north,  falls  away  into  the  Scheldt  or  the  Meuse,  and  so  into  the 
German  Ocean. 

To  give  some  idea  of  this  average  fall  of  the  river  (which  you 
will  find  is  as  closely  as  possible  1  in  3000),  you  have  only  to 
compare  it  with  the  Thames.  The  part  below  Oxford  flows  1*5 
foot  per  mile;  that  above  Oxford  is  slightly  more  rapid  (t.^.,  1*7 
per  mile),  the  Somme  being  1*77  feet  per  mile.  It  will  be  seen 
what  little  erosive  power  either  river  has  at  this  gradient ;  for  if  we 
may  judge  by  the  towns  and  monuments  it  passes  by,  it  has  made 
no  material  change  during  the  Historical  era.  In  a  few  cases  the 
course  of  the  Thames  may  have  slightly  altered,  though  this  has 
been  due  chiefly  to  artificial  interference,  and  not  to  any  natural 
action. 

But  this  is  not  all.  This  gradient  cannot  be  taken  as  that  of  the 
Somme  during  the  early  part  of  its  "  eroding  period,"  for  there  are 
hills  continuing  all  along  its  course  which  had  either  been  eroded 
previous  to  the  coming  into  action  of  the  river — and,  if  this  is  ad- 
mitted, of  course,  cadit  qucestioj — or  else,  the  work  of  the  river 
must  have  begun  at  the  top  of  these  hills.  Now,  down  to  St. 
Valery,  and  beyond  it  (for  the  hills  reach  a  mile  west  of  the  harbour 
of  St.  Valery),  the  plateau  varies  from  300  to  100  feet,  and  at  the 
ery  end  it  is  140  feet  above  the  sea  level.  So  that  the  river  falling 
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from  220  to  140  feet  gives  only  a  fall  of  80  feet  for  its  124 
miles.  Some  deductions  in  the  latter  case  might  be  asked  for  on 
account  of  its  course  having  been  possibly  more  direct  in  some 
parts  than  it  is  now.  Still,  the  fall,  with  an  allowance  for  this, 
could  not  be  more  than  one  in  6,000 — a  gradient  at  which  the 
power  of  water  is  so  slight  that  it  would,  I  believe,  be  found 
scarcely  able  to  move  the  finest  sand.  How,  then,  could  the 
thousands  and  millions  of  tons  of  chalk  be  eroded,  and  taken  sea- 
wards, by  a  river  under  these  conditions  ?  It  appears  to  me  utterly 
impossible.  Evidence,  derived  from  what  rivers  may  be  seeti  to 
perform  in  India  or  America,  falling  from  the  Himalaya  or  Rocky 
Mountains,  or  what  the  Alpine  rivulets,  thrown  down  into  narrow 
gorges,  may  effect,  finds  no  analogy  whatever  in  the  gently 
undulating  Chalk  district  of  Picardy. 

So  much,  then,  for  the  evidence  derived  from  the  River  Somme 
itself  upon  the  question  at  issue.  I  trust  I  have  succeeded  in 
showing  that  it  militates  as  much  against  the  assumption  of  the 
river  formation  of  the  valleys,  as  does  that  derived  from  the 
general  survey  of  the  river  district  as  a  whole. 

Before  I  conclude  my  Paper  I  must  say  a  few  words  upon  the 
supposed  action  of  the  river  Somme  in  depositing  the  sands  and 
gravels  which  are  found  in  the  valleys,  and  in  their  subsequent 
denudation.  This  question  is  a  distinct  one  from  that  of  which  I 
have  already  treated,  for  it  might  be  held  that  although  the  river  may 
not  have  excavated  the  valley  itself,  it  still  may  have  filled  a  valley 
already  formed,  with  sands  and  gravels,  and  subsequently  excavated 
them,  leaving  only  a  few  patches  behind.  And  this  view,  it  appears 
to  me,  is  implied  by  some  remarks  of  Sir  Charles  Lyell. 

Nearly  all  the  arguments  which  I  have  adduced  as  regards 
the  supposed  power  of  the  Somme  to  excavate  the  original 
valley,  apply  with  equal  force  against  the  theory  of  the  excava- 
tion of  the  sandy  and  gravelly  deposits  which  are  supposed  to 
have  filled  the  valley  up.  But  the  question  whether  it  could  have 
deposited  these  sands  and  gravels  before  cutting  through  them, 
must  be  considered  on  other  grounds ;  and  on  this  point  I  wish  to 
call  attention  to  a  few  of  the  general  and  external  features,  re- 
serving the  details,  and  the  consideration  of  the  constituents  of  the 
gravel  to  some  other  opportunity. 

I  have  already  briefly  referred  to  the  fact  that  the  beds  in 
question  are,  speaking  generally,   spread  equally  over  the  high 
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ground  and  the  low  ground.  Bat  there  has  been  much  misappre- 
hension on  this  point  in  consequence  of  the  general  acceptance  of 
the  representations  of  these  beds  made  by  one  or  two  French  writers, 
coupled  with  the  adoption  of  a  nomenclature,  based,  I  am  oonvincedi 
upon  isolated  cases,  and  from  a  too  narrow  view  of  the  questions 
which  the  phenomena  present.  The  discussions  as  to  the  diluvial  and 
alluvial  beds,  and  the  disputes  about  the  lines  of  demarcation,  have 
led  those  who  have  not  studied  the  beds  at  different  spots,  to  be- 
lieve at  least  in  a  regular  system  of  some  sort,  implying  distinct 
and  successive  formations;  and  it  has  not  been  questioned  at  all 
how  far  all  the  difficulties  arise  from  imagining  succession,  where 
only  the  laws  of  gravitation  have  acted  on  the  materials  deposited 
at  one  and  the  same  time. 

Practically,  the  result  of  their  work,  or  rather  the  representation 
of  80  much  of  the  opinion  which  appeared  common  to  the  chief 
writers,  was  cleverly  embodied  in  a  diagram  which  appeared  in  the 
late  Sir  Charles  Ly ell's  popular  work  **  The  Antiquity  of  Man ;" 
and  I  have  given  on  the  top  comer  of  the  map  an  accurate  copy 
of  the  same,  as  it  will,  I  think,  tend  to  make  what  I  have  to  say 
more  clear. 

The  points  which  this  diagram  shows  prominently  are,  first  a  level 
stratification  of  the  beds  unconformably  with  the  sloping  Chalk 
below;  next,  the  apparent  continuity  of  these  beds  across  the 
Talley,  but  cut  through  in  a  regular  manner.  These,  when  taken 
together,  naturally  give  a  most  striking  appearance  of  river  action. 
Add  to  this  the  rapidly  sloping  Chalk  banks,  with  their  terraces^ 
and  the  picture  is  complete — as  the  representation  of  an  ancient 
bed  of  a  river  with  the  results  of  its  work  on  each  side. 

This,  you  may  remember,  is  given  not  as  an  isolated  section,  but 
as  a  typical  section  of  the  whole  valley ;  and  I  should  farther  add 
that  the  diagram  professes  to  give  the  ''hills  reduced  to  one  fourth 
their  magnitude."  The  meaning  must  be  that  they  are  increased 
to  four  times  their  magnitude  relatively  to  the  horizontal  scale, 
but  I  cannot  forbear  remarking  (as  a  parenthesis)  that  in 
questions  where  the  general  appearance  of  a  diagram  has  so 
great  an  influence  on  an  argument,  as  in  the  case  of  a  supposed 
bed  of  a  river,  it  is  a  great  mistake,  for  the  saving  a  little  space, 
to  adopt  any  other  than  an  equal,  vertical,  and  horizontal  scale. 

Now,  in  criticising  this  section  and  while  making  every  allowance 
for  the  exaggeration  of  the  hills  to  four  times  their  actual  height, 
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I  am  obliged  first  of  all  to  say  that  I  have  not  been  able  to  finil 
any  pari  of  the  Somme  Valley,  where  the  gravels  occur,  having 
banks  so  steep.  Farther  than  this:  the  representation  of  the 
contours  of  the  sides,  instelul  of  being  typical,  is  so  very  different 
to  anything  which  I  have  ever  seen  there,  that  I  cannot  resist  the 
idea  that  the  river  hypothesis  must  have  influenced  in  some  degree 
— however  unwittingly  on  his  part — the  artist  who  sketched  it. 

Instead  of  inventing  an  imaginary  section  across  the  valley,  I 
have  given  one  from  actual  survey,  exhibiting  the  slopes  as  they 
really  are.  The  line  where  the  section  is  taken  is  marked  upon 
the  map  of  the  neighbourhood  of  Amiens,  and  it  is  drawn  to  the 
same  horizontal  and  vertical  scale  (viz.,  640  feet  to  one  inch). 
Although  it  is  an  actual  section,  it  is  at  the  same  time  a  typical  one 
of  such  parts  of  the  valley  as  have  extensive  gravel-beds ;  but 
extensive  gravel-beds,  it  must  be  remembered,  only  occur  rarely. 

On  comparing  the  two  sections  you  will,  even  making  an 
excessive  allowance  for  the  exaggeration  of  Sir  Charles  Lyell's 
section,  see  that  there  is  a  great  difference. 

The  fact  is,  the  slope  of  the  sides  of  what  we  call  the  Somme 
Valley  is,  as  a  rule,  very  gentle  indeed.  In  some  cases,  it  is  true,  a 
Chalk  escarpment  appears,  but  these  are  rare,  comparatively,  to  the 
whole  length.  In  most  cases  I  may  say  that  the  slope  is  even 
more  gentle  than  it  is  at  Amiens,  where  this  section  is  taken. 
Often,  too,  ^'  combes  "  with  a  still  more  gentle  decline  pass  down 
into  the  valley.  A  narrow  one  occurs  near  this  section  (t.«.,  the 
valley  of  Blamont,  across  which  the  new  boulevard  is  carried  on  an 
embankment,)  considerably  reducrug  the  slope  in  that  part. 
Besides  these  are  the  many  large  valleys  opening  out  into  the 
main  valley  :  so  that  on  the  average  the  slope  of  the  sides  of  the 
Somme  Valley  is  even  more  gentle  than  in  the  section  given. 

And  this  sloping  of  the  banks  is  an  important  element  in  the 
argument  as  to  river  action.  The  ideal  section  of  Sir  Charles 
Lyell  at  once  suggests  the  work  of  a  river.  The  actual  section 
suggests  something  very  different  from  what  we  see  in  fact,  or 
understand  in  theory,  to  be  a  river  bed. 

The  next  point,  however,  on  which  the  typical  section  appears 
to  me  to  err  is  still  more  important.  I  refer  to  the  imagined  con- 
tinuity of  the  beds  across  the  valley. 

I  can  say  that  instead  of  this  being  a  typical  feature,  I  have 
found  no  single  instance  of  traces  of  gravels  at  equal  levels  on 
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fk/ti^  «^  ^>f  Ufc*  T»n^.  St  xLe  «aafc*  ^A^  yr  Eai-wi  sear  :!«  same 
^A,  Aa  I  li*r^  faii«  h  M  'jCth-  in  liocssed  iascc»e§  TSikt  the  tiiid: 
irrmr^^I  t<b>k  o'wnr  at  all,  »s*i  whea  tbrj  a-»  prcssst  on  ocke  side. 
U^^  are  wnullr  aliMat  alUfg'ether  oq  tbe  other.  In  the  case  of 
ihu  M<tk/o  <rfii  Ube  east  fA  AmieB.^  vfaere  the  enTel  be^i^  are 
derd/iped  perfaafif  as  mueh  as  aajwhere  e]<e  in  the  Somme 
Valley,  the  opp^te  ekjpe  is,  I  betiere,  free  frcm  ereiT  restige 
of  fgrzr^l  \ffA%  wbaterer.  If  these  beds  exist,  there  is  little  doabt 
bat  that  the  p^iople  wc«ild  hare  discorere*!  them,  and  woiked 
them,  t/at  I  have  trairersed  the  whole  waj  between  Amiens  and 
Poni-Xofelle,  and  discoTered  no  restige.  Only  the  same  sandj 
o/rering,  more  or  less  impure  bj  reason  of  its  admixture  with 
dialk,  appear*  to  corer  the  whole  slope,  as  many  road  cuttings  show. 
The  Nl'ifie,  too,  on  this  side,  it  will  be  obserred,  is  at  a  slightly 
difTererit  angle  to  that  on  the  south  side ;  and  this  may  be  obserred, 
in  pausing,  as  another  point  nnfarourable  to  the  hypothesb  of  rirer 
actioti  n[xin  homogeneous  material.  The  so-called  typical  diagram, 
it  will  bo  obserred,  gives  the  sides  equal,  as  well  as  an  important 
bed  of  gravel  continuous. 

I  need  not  notice  at  length  the  terraced  character  which  is  given 
to  the  banks  in  the  section,  and  which,  of  course,  goes  far  to  help  the 
hypothesis  of  the  river  action.  Mr.  Tylor,  in  a  series  of  care- 
fully measured  sections,  has  shown  that  these  terraces  do  not  exist 
in  any  part  which  he  has  explored.  I  can  add  my  testimony  to  the 
fact  that  ho  continuous  horizontal  terraces  exist  in  any  part  I 
have  explored  also  (and  I  may  say  I  have  traversed  quite  three- 
fourths  of  the  course  of  the  Somme),  certainly  not  of  the  character 
as  shown  in  the  section. 

Hero  again,  however,  one  of  the  most  important  elements  on 
>^'hich  the  theory  of  river  action  is  based,  although  shown  pro- 
minently in  the  **  section,"  is  wholly  wanting  in  reality. 

Bui  the  almonco  of  all  these  features  do  not  only  take  away  the 
evidinre  for  r\yvT  action,  which  may  have  been  adduced;  they  do 
more  than  this,  for  it  is  inconceivable  that  river  action  on  so  ex- 
tensive a  scale  should  not  have  left  traces  of  the  ordinary  features 
consequent  on  that  action.  The  absence  of  them,  therefore,  goes 
far  to  disprove  that  action. 

Next  it  must  bo  remembered  that,  although  the  gravel  beds 
do  not  extend,  so  far  as  I  know,  over  the  highest  points  of  the 
ridgos  which  separate  the  six  or  seven  great  rivers  which  drain 


THE  80HME  RIVER  AND  THE  80MME  VALLEY.  305 

the  district,  the  sandy  earths  and  loams  do.  If  the  rivers  de- 
posited the  gravel,  what  deposited  these  ?  Gould  the  one  or  two 
tributaries  nearest  to  the  main  axis  so  gush  with  water  as  to 
overflow  the  whole  district,  leaving  only  a  few  isolated  hills,  per- 
haps, raising  their  heads  island-like  above  the  water  level  ?  And 
what  then,  kept  the  vast  expanse  of  water  up  7  Imagine  a  large 
sheet  of  sixty  or  seventy  miles  broad,  by  above  a  hundred  milns 
long,  resting  on  an  angle  which  will  give  in  the  latter  distance  200 
feet  slope  towards  the  sea.  For  if  it  covered  the  hills  which  are 
200  feet  above  the  level  of  the  sea,  it  must  have  fallen  in  order  to 
gain  the  sea  level  at  the  angle  I  have  suggested.  You  must  raise 
the  level  of  the  sea  to  keep  it  up.  But  if  you  raise  the  level  of  the 
sea  above  the  hills,  what  becomes  of  the  fresh  water  argument  ? 

And,  by  the  way,  even  at  this  elevation,  there  are  in  the  district 
about  St.  Quentin  plenty  of  the  sands  and  loams,  precisely  similar 
to  the  rest,  which  will  remain  unaccounted  for — for  the  hills  here 
which  are  covered  by  them,  rise  to  heights  between  300  and  400 
feet  and  even  more. 

I  have  an  impression  of  having  read  in  some  geological  works-^ 
whether  English  or  French  I  do  not  remember — a  theory  which,  if 
not  stated  directly,  was  at  least  implied  or  involved  in  the  arguments 
adduced,  that  the  upper  loam  covering  was  probably  due  to  sea 
action,  and  that  the  whole  district  was  consequently  lowered  to 
receive  it.  At  the  same  time,  the  theory  of  a  prior  river  action  in 
depositing  the  said  gravels  and  the  other  loams  was  persistently 
upheld.  A  moment's  consideration  will,  however,  show  that  the 
former  admission  is  fatal  to  the  latter  theory.  The  very  actions 
involved  in  the  depression  of  so  extensive  a  surface,  and  again 
raising  it,  if  these  were  of  a  cataclysmic  character,  would  create  such 
disturbance  that  little  of  the  sands  and  gravels  so  placed  by  the 
rivers  would  remain  in  their  places,  but  be  cast  about,  and  find  a 
resting  place  anywhere  but  where  they  were  first  deposited.  If,  on 
the  other  hand,  the  depression  and  elevation  were  slow,  each  part  of 
the  surface,  sloping  as  it  does  seawards,  would  be  brought  into  con- 
tact with  the  surface  waves  of  the  sea  ;  and  unless  during  the  whole 
of  the  operation  a  constant  calm  was  pre-supposed,  the  result  would 
be  still  more  subversive  of  all  previous  arrangement  of  the  material. 

And  then  when  we  look  at  the  position  of  the  gravels  themselves, 
we  find  these  difficulties.   The  fine  gravel  bed  of  the  pits  of  the  two 
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Frevilles,  and  of  Tattegrain-Brnl^  (now  exhausted)  is  only  75  or 
80  feet  aboye  the  Somme  level  at  that  spot ;  but  near  the  same  spot 
there  are  other  similar  gravels  to  be  found,  as  high  as  120  feet 
above  the  river  level,  i,e,y  185  feet  above  the  level  of  the  sea.  Is  it 
conceivable  that  any  of  the  higher  tributaries  of  the  Somme,  rising 
one  hundred  miles  away,  at  an  elevation  only  of  20  or  30  feet  abore 
this  gravel  bed,  could  have  had  force  enough  to  bring  down  and 
deposit  these  gravels?  Think  of  the  many  difficulties  which  suggest 
themselves.  Think  of  the  force  required  to  remove  so  great  a 
quantity  so  great  a  distance,  bearing  in  mind,  that  it  is  effected 
after  the  valleys  and  hills,  ex  hypothesi,  had  already  been  scooped 
out — a  force  capable  of  moving  the  pebbles  up  hill  and  down  dale 
(for  the  whole  of  the  intervening  land  is  surrounded  by  the  tribu- 
tary valleys).  Think  also  of  the  expanse  of  the  water  at  this  eleva- 
tion ;  in  few  cases  less  than  two  miles  wide,  in  many  above  20 
miles.  And  if  the  main  body  of  gravel  was  brought  down  only 
along  the  main  excavated  channel,  what  was  the  machinery  which 
elevated  it  to  its  present  height  7 

In  a  word,  if  the  valley  had  previously  been  excavated,  no  water 
derived  from  any  stream  iu  these  valleys  could  possibly  have  dis- 
tributed the  gravels  in  the  position  in  which  we  find  them.  On 
the  other  hand,  if  the  gravels  were  here  before  the  rivers  hollowed 
out  the  valleys,  cadit  quceatio;  without  the  valleys  there  could  have 
been  no  rivers  to  deposit  the  gravels. 

And  so  I  might  go  on  presenting  difficulty  after  difficulty,  but 
there  is  no  need.  1  contend  that  an  attention  to  the  contours  of 
the  district,  and  to  their  levels  correlated  with  the  levels  at  different 
points  in  the  fall  of  the  valley  seawards,  leaves  no  room  to  conceive 
that  the  gravels,  either  in  their  deposition  or  subsequent  excavation, 
were  due  in  any  way  to  the  rivers  of  the  countiy. 

8o,  then,  I  trust  I  have  fulfilled  the  task  which  I  undertook  at 
the  outset,  (a)  I  have  shown  how  a  survey  of  the  river  system  of 
the  country  with  its  arteries,  on  the  slopes  of  the  great  dividing 
ridges  of  the  plateau,  separating  the  six  or  seven  streams,  proves  it 
to  have  been  impossible  that  water  flowing  over  the  gently  sloping 
plateau,  could  have  excavated  either  the  main -valley  hollows,  or 
those  which  converge  on  each  side  towards  them,  (b)  I  have 
next  shown  how  the  nature  of  the  river  valley  itself  militated 
against  this  theory,  by  showing  how  it  gathers  its  water,  and  how 
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it  always  must  have  gathered  its  waters,  ever  since  it  was  called  into 
existence,  unless  some  totally  different  action  was  at  work,  different 
not  in  degree,  but  in  kind  from  what  exists  now.  (c)  And  above  and 
beyond  that,  I  have  shown  how  impossible  it  is,  with  the  present 
physical  character  of  the  country  then  in  existence,  that  the  sands 
and  gravels  can  in  any  way  have  owed  their  deposition  or  their  ex- 
cavation to  any  possible  action  of  the  river,  with  its  present  source 
and  outfall  with  their  existing  relative  levels. 

The  asBumptiorij  to  which  I  have  drawn  attention,  I  think  will  be 
found  to  underly  all  theories  respecting  the  history  of  these  much 
disputed  sands  and  gravels.  And  I  trust,  therefore,  the  Members 
of  the  Geologists'  Association,  will  not  think  the  time  wasted  in 
listening  to  or  reading  a  somewhat  argumentative,  but  at  least  an 
honest  exposition  of  the  grounds  on  which  one  of  their  associates 
conceives  that  the  assumption  can  be  shown  to  be  untenable  and 
consequently  all  theories  based  upon  it,  valueless. 


EXCURSION    TO    CHARNWOOD    FOREST, 

LEICESTLRSHIRE. 

Whit  Monday,  May  17th,  1875,  and  two  following  days. 

Directors. — James  Plant,  Esq.,  F.Q.S. ;,  William  Harrison, 
Esq.  (Curator  of  Town  Museum,  Leicester) ;  and  William 
MoLYNEux,  Esq.,  F.G.S. 

(Report  by  Wilfrid  H.  Hudleston,  Esq.,  M.A.,  F.G.S.) 

The  party,  under  the  guidance  of  Messrs.  Plant  and  Harrison, 
met  at  Desford  Station  shortly  after  noon,  on  Whit-Monday,  and 
proceeded  in  carriages  to  Lindridge  Colliery.  Mr.  Mammatt, 
the  engineer  of  the  Company  ;  Captain  Marshall  Hall,  one  of  the 
directors;  and  Mr.  Shore,  the  gentleman  on  whose . property  the 
sinking  is  made,  were  also  present,  and  afforded  every  facility  for 
the  examination  of  the  new  works  connected  with  the  colliery. 
As  this  is  a  sinking  through  the  Trias  in  a  district  not  hitherto 
wrought  for  coal,   the   following  section  of  the  bore  hole,  fur- 
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nished    by    the    kindness  of    the    above-named   gentlemen,    is 
given:— 

Began  April  10,  1874.     First  coal  found.  May  14. 

Keuper. 
Strata. 
Red  and  Grey  Marls 
Smooth  hard  grey  skerry 
Red  Marls  (Gypsum)  *) 
Strong  Spring  ) 

Grey  Sandstone 
Red  Marls  {Spring) 
Limestone 
Red  Marls 


Ft. 

in. 

0 

0 

50 

2 

56 

8 

90 

0 

143 

6 

180 

0 

258 

0 

259 

0 

278 

0 

287 

0 

291 

0 

801 

6 

829 

4 

334 

0 

833 

4 

360 

0 

372 

0 

Ft. 

.  in. 

50 

2 

6 

6 

86 

10 

36 

6 

78 

0 

1 

0 

17 

0 

Coal  Measures. 

9 

0 

4 

0 

2 

0 

8 

6 

27 

10 

4 

0 

35 

0 

0 

8 

3 

0 

1 

0 

Sandstone  (plants) 

Coal 

Parting 

Coal 

Grey  Rock 

Coal 

Grey  Bind 

Limestone 

Coal 

Limestone,  with  fossils 

Grey  Rock. 

The  position  of  Lindridge  is  four  miles  south-west  of  the  last 
continuous  boss  of  the  Chamwood  ridge,  at  Groby.  .  Two  borings 
were  made,  about  one  mile  apart.  At  the  most  easterly  the  "  hard 
bind "  of  the  Coal  Measures  was  found  dipping  at  a  very  high 
angle,  and  no  further  bbring  continued  there.  One  mile  to  the 
westward,  where  the  present  sinking  was  being  made,  the  beds  are 
flatter,  being  further  from  the  Charnwood  axis,  which  is  continued 
under  the  Trias,  several  miles  south  of  Groby,  as  indicated  by 
small  bosses  of  fine-grained  crystalline  rock  appearing  on  the 
surface. 

The  following  remarks  made  by  Mr.  Plant  serve  to  explain  the 
physiography  and  general  geology  of  the  district  : — "  Where  we  now 
stand  is  about  18  miles  from  the  river  Trent,  the  north  boundary  of 
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the  district,  and  about  three  miles  from  Ghamwood  Forest,  which 
bonnds  it  on  the  east  side.     On  the  west  flank  is  the  Hartshill 
range,  a  little  less  elevated  than  the  Ghamwood,  the    average 
height  of  the  latter  being  about  600  feet,  the  former  400  feet,  with 
an  indefinite  boundary  towards  the  south,  embracing  an  area  of 
about  200  square  miles,  which  comprises  the  Leicestershire  coal- 
fields.    To  the  north  of  us  the  Goal  Measures  come  out  at  the 
surface.     On  the  east  the  Ghamwood  Forest  or  Goleorton  field 
extends,  while  the   Moira  stretches  on  the  western  side.     The 
southem  portion  lies  under  the  New  Hed  formation,  being  covered 
by  the  uppermost  beds  of  the  New  Red  Sandstone.    Forty  years  ago 
a  practical  miner  and  distinguished  railway  engineer  predicted  that 
there  was  no  coal  to  be  found  south  of  this  point  in  this  direction. 
The  Bag  worth  coal-fields  are  the  answer  to  that  erroneous  opinion. 
There,  coal  is  found  at  a  depth  of  320ft.  below  the  Bed-marl,  where 
it  must  be  noticed  there  is  no  Bunter  or  Permian  strata.     With 
reference  to  this  Lindridge  Golliery,  I  must  confess  I  was  afraid 
that  the  ridge  of  igneous  rocks  extending  from  Groby  due  south, 
and  which  might  be  reached  near  Lindridge,  would  be  stmck,  and 
so  coal  would  not  be  accessible.    However,  that  fear  has  fortunately 
proved  to  be  groundless,  as  the  evidences  around  us  testify.     You 
must  not  suppose  that  this  is  the  most  southerly  extension  of  the 
coal-field,  as  it  is  found  six  miles  further  south.      Before  con- 
cluding, I  might  just  remark  that  you  are  now  standing  upon  the 
Water-stones  commonly  called  the  Lower  Eeuper  Sandstone,  upon 
rippled-marked  beds  indicating  old  sea  beaches  of  the  formation* 
Here  it  is  possible  for  you  to  find  the  footprints,  jaws,  and  feet  of 
the  Lahyrinthodon,^'' 

The  party  then  adjoumed  to  Lindridge  Hall,  where  they  were 
most  hospitably  entertained  by  Mr.  Shore,. who  had  prepared  a  really 
sumptuous  luncheon,  the  discussion  of  which  somewhat  shortened 
the  day's  programme.  This  act  of  hospitality  was  duly  acknow- 
ledged, on  the  part  of  the  Association,  by  Mr.  Hudleston  and  Mr. 
Plant,  the  latter  taking  the  opportunity  of  showing  the  important 
advantages  which  Mr.  Shore  would  confer  on  the  town  of  Leicester 
with  its  110,000  inhabitants  by  the  discovery  of  workable  coal 
within  such  a  moderate  distance. 

An  adjournment  now  took  place  to  the  grounds,  where  cores  of 
rock,  obtained  in  the  boring,  were  exhibited.  Here  Mr.  Molyneux, 
gave  a  brief  account  of  the  Coal  Measures  of  the  district. 

T 
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It  was  already  rather  late  in  the  afternoon  before  the  party 
arrived  at  the  syenite  quarries  of  Groby,  the  Boothem  termination 
of  the  Chamwood  range.  Immense  quantities  of  paving  stones 
are  quarried  from  these  rocks,  which  are  true  syenites,  ie,,  binary 
compounds  of  orthoclase  and  hornblende.  There  is,  of  course, 
considerable  variety  in  the  different  beds,  as  well  as  change  in 
the  system  of  jointing.  Besides  the  ordinary  syenite  made  up  of 
good-sized  crystals,  a  handsome  rock,  there  are  beds  of  a  very  fine- 
grained variety  which  seem  to  occur  athwart  the  general  system  of 
bedding.  In  the  second  pit  the  jointing  is  more  vertical,  though 
the  character  of  the  rock  is  much  the  same.  The  Rev.  T.  G. 
Bonney  writes — '^  I  have  examined  microscopically  the  Garenden 
and  Groby  syenites  —  true  syenites,  though  much  altered — 
'  messed,'  I  might  say,  subsequently."  The  rock  generally  appears 
to  consist  of  a  flesh-coloured  felspar,  with  good  cleavage,  and  of  a 
certain  amount  of  hornblende,  which,  where  undecomposed,  is  nearly 
black.  The  hornblendic  element  seems,  however,  to  have  under- 
gone a  considerable  amount  of  alteration — decomposition,  one  might 
rather  say — ^the  result  being  the  production  of  a  green-coloured 
mineral,  which  has  largely  stained  the  felspar.  Pink  and  green, 
therefore,  are  the  predominating  colours,  justifying  to  a  certain 
extent  the  name  of  '^syenitic  greenstone,"  which  has  been  applied 
to  this  rock.  The  joint  faces  are  often  lined  with  a  green  mineral 
matter,  which  sometimes  resembles  epidote,  and  sometimes  is  of  a 
serpentinous  character.  All  these  may  be  looked  upon  as  altered 
products  from  the  original  hornblende,  produced  in  the  *wet 
way,*  and  have  nothing  to  do  with  the  original  formation  of  the 
rock,  which  has  all  the  character  of  an  igneous  one. 

One  very  interesting  feature  here  is  the  Upper  Keuper  Sand- 
stone, which  may  be  seen  to  rest  upon  the  upturned  edges  of  the 
old  rock,  in  positions  suggesting  a  sort  of  quaquaversal  dip  away 
from  a  rocky  islet  in  the  Triassic  Sea.  Between  the  syenite  and 
the  Triassic  sandstones  and  marls  there  is  a  conglomerate  of 
pebbles  and  boulders,  chiefly  made  up  from  the  neighbouring 
rock,  in  a  pasty  matrix,  somewhat  analogous  to  the  Dolomitic-con- 
glomerate  of  the  Mendips. 

A  short  drive  brought  the  party  to  Newtown  Linford,  situated 
in  the  anticlinal  valley  of  the  Chamwood  range,  now  wholly  filled 
with  beds  of  Keuper  age,  whore  all  dismounted  and  entered 
Bradgate  Park  on  foot.      Here  an  immediate  change  in  the  cha- 
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racter  of  the  landscape  proclaimed  the  presence  of  that  great  body 
of  syenite,  which  constitutes  the  southern  termination  of  the  eastern 
wing  of  the  Charnwood  range,  just  as  the  Groby  syenites  are 
the  southern  termination  of  the  western  wing.  Ragged,  splintery 
edges  of  rock  start  out  of  the  steep  hill-side,  which  is  dotted  with 
oaks  short  in  stature  and  most  picturesquely  gnarled,  a  bit  of 
Cambria  or  Caledonia  in  the  midst  of  the  rich  Midland  of  Eng- 
land. The  ruins  of  Bradgate  Hall  are  close  by.  The  place  was 
set  on  fire,  tradition  says,  by  a  former  countess,  who  found  the 
country  dull,  and  wished  to  return  to  more  animated  scenes* 
Further  on  the  slaty  beds  of  the  Charnwood  series  occupy  the 
surface.  Near  "  Old  John  Hill,"  which  is  the  highest  point  of 
Bradgate  Park,  we  find  the  cleavage  planes  dipping  north,  whilst 
the  beds  dip  to  the  south,  at  an  angle  of  60^.  In  some  places 
there  is  a  remarkable  ribboned  appearance,  due  to  variegated 
colouring  in  the  bedding  planes.  Hereabouts  the  cleavage  is  often 
very  imperfect  and  coarse.  It  was  noticed  by  several  members  of 
the  party  that  these  slates  have  a  very  '^  ashy  "  appearance,  not 
unlike  those  of  the  Volcanic  rocks  of  Cumberland,  now  so  well 
known  through  the  labours  of  Mr.  Clifton  Ward,  of  the  Geological 
Survey.  The  view  from  Old  John  Hill  is  magnificent;  and  Mr. 
Plant  failed  not  to  enlarge  upon  the  physiography  of  the  district, 
dwelling  especially  upon  the  configuration  of  the  country  as  it  had 
been  left  by  Glacial  erosion. 

The  party  now  proceeded  to  the  great  wood  of  Swithland,  where 
there  are  several  slate  quarries.  The  one  visited  is  a  great  ex- 
cavation, 150ft.  deep.  The  general  dips  here  are  about  45°  in 
an  easterly  direction.  It  was  already  too  dark,  however,  for  much 
accurate  observation.  Two  members  of  the  party  volunteered  to 
descend  the  chasm,  and  were,  unfortunately,  left  behind ;  a  large 
portion  of  the  remainder  missed  their  way  in  the  big  wood, 
and,  after  wandering  about  for  some  time  ultimately  regained  the 
carriages,  and  proceeded  in  the  direction  of  Mount-sorrel,  and  so 
to  Leicester. 

Tuesday,  May  18th. — The  party  proceeded  by  the  Leicester 
and  Burton  Branch  Railway  to  Bardon  Hill  Station.  The 
first  thing  inspected  was  an  old  road-stone  quarry  in  the  slate, 
now  converted  into  ornamental  grounds.  This  is  at  the  foot  of 
Bardon  Hill.     The  cleavage  of  the  slates  is  very  imperfect,  but 
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the  bedding  is  distinct,  with  a  strong  dip  to  the  S.W.,  i.«., 
away  from  the  great  boss  of  Bardon  Uill.  Amongst  other 
objects  of  interest  in  this  section  is  a  band  of  old  con- 
glomerates, containing  a  number  of  rounded  pebbles.  A 
specimen  of  one  of  these  pebbles  consists  almost  entirely  of 
pink  orthoclase  and  vitreous  quartz — no  mica  or  hornblende. 
This  was  m  eita^  but  amongst  a  group  of  stones  forming  a 
*' rockery"  were  some  specimens  of  the  so-called  slate  from 
near  the  top  of  Bardon  Hill,  which  was  a  typical  volcanic  breccia, 
or,  rather,  an  "ash,"  with  large,  included  fragments  precisely 
similar  to  examples  from  the  Volcanic  rocks  of  Cumberland. 
Unfortunately,  no  actual  junction  between  these  slates  and  the 
Bardon  BQll  Stone  was  observed.  This  stone  is  quarried-  exclu- 
sively for  road-metal,  since  it  cannot  be  broken  into  cubes,  as  are 
the  syenites.  On  the  Survey  map  it  is  indicated  as  a  green- 
stone. The  Rev.  T.  G.  Bonney  writes — "The  greenstone  of 
Bardon  Hill  is  a  felstone;  it  has  orthoclase  and  much  quartz  in 
it.  I  rather  think  it  is  the  stump  of  a  plug  or  cone,  for  there  is 
nmch  agglomerate  on  one  side  of  the  hill."  It  is  less  distinctly 
crystalline  than  the  syenites  of  Groby,  or  the  syenitic  granite 
of  Mount-sorrel.  The  prevailing  green  colour  is  probably  due 
to  the  subsequent  decomposition  of  small  quantities  of  horn- 
blende, or  other  magnesia-lime  silicate,  the  resulting  green 
hydrous  silicate  being  more  or  less  diffused  throughout  the  whole 
rock.  This  description  is  not,  however,  applicable  to  the  whole 
mass,  as  there  are  many  varieties  ;  some  in  the  vicinity  of  quartz 
veins  presenting  mineralogical  features  of  much  interest.  The 
green  colour,  in  some  instances,  also  may  be  due  to  the  presence  of 
a  mineral  of  the  epidote  class.  A  system  of  planes,  dividing  the 
rock  into  large  slabs,  dips  inwards  in  a  direction  of  E.N.E. ;  and 
intercalated  between  these  planes  in  one  place,  near  the  entrance  of 
the  quarry,  is  a  parallel  mass  of  rotten  foliated  rock  associated  with 
quartz.  This  has  been  called  mica-schist.  It  is  rather  rich  in  mag- 
nesia, with  a  considerable  amount  of  ferrous  oxide,  but  is  poor  in 
lime,  silica  and  alumina  being,  of  course,  the  principal  ingredients; 
and  it  may  be  viewed,  perhaps,  as  a  sort  of  talco-micaceous  schist. 
Not  the  least  interesting  part  of  the  morning's  work  was  an 
examination  of  the  self-acting  machine  for  breaking  stones, 
invented  by  Mr.  Everard's  son.  The  working  of  this  was 
most  ftdly  explained  by  Mr.  Everard,  jun.,  who  had  very  kindly 
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(though  the  men  were  holiday-making)  had  the  mill  set  at  work 
for  the  benefit  of  his  visitors.  The  stone  is  delivered  from  the  face 
of  the  qnarry  into  small  waggons  which  run  down  the  incline  by 
the  force  of  gravitation,  and  discharge  themselves  into  the 
breakers  ;  the  empty  waggons  returning  on  another  set  of  railf, 
forming  one  continual  circle  of  operations  for  the  delivery  of  the 
stone.  The  stone  falling  into  the  hoppers,  is  delivered  into  self- 
acting  crackers,  worked  by  a  powerful  steam-engine  and  by  the  aid 
of  very  ingeniously- contrived  self-acting  machinery,  and  the  broken 
stone  is  sorted  into  three  or  four  qualities  into  the  railway  trucks 
ready  for  delivery.  The  whole  of  the  mill  and  machinery  reflects 
the  highest  credit  on  the  inventor  ;  and  we  believe,  as  far  as  stone* 
breaking  is  concerned,  it  is  unique. 

The  ascent  of  Bardon  Hill,  the  highest  point  in  the  forest— 854 
feet  above  sea-level — had  formed  part  of  the  programme.  Mr. 
Herrick,  of  Beaumanoir,  had  been  good  enough  to  send  his  steward 
to  act  as  guide  to  the  party ;  but  the  weather  was  so  nnpropitioas 
that  the  ascent  had  to  be  abandoned,  together  with  the  intended 
walk  to  see  the  '^  porphyrite  '*  rocks  of  Greenhill.  Of  these  Mr, 
Bonney  writes — **  The  porphyrite  rocks  are  not  igneous,  only  ex- 
tremely metamorphosed,  and,  so  far  as  I  know,  are  not  conspicuous 
for  plagioclase  felspar ;  therefore,  they  should  not  be  called  por- 
phyrites." 

It  is  somewhat  remarkable  that  both  the  period  of  upheaval,  and 
the  period  of  formation,  of  these  Cbamwood  rocks,  should  be  still 
the  subject  of  much  dispute,  notwithstanding  the  considerable 
amount  of  attention  which  they  have  received  from  geologists. 
Respecting  the  period  of  upheaval,  it  may  be  gathered,  from  the 
statements  of  Mr.  Plant  and  Mr.  Molyneux,  that  both  these  gentle- 
men believe  it  to  have  been  ;?o«^-Carboniferous ;  Mr.  Molyneux  espe- 
cially expressing  himself  to  the  effect  that  it  was  the  prolongation  of 
the  Penine  axis  which  had  *^  broken  the  back  of  the  coal."  It  had 
been  Mr.  Plant's  intention  to  have  given  a  fuller  exposition  of  his 
views  on  this  point  from  the  simimitof  Bardon  Hill.  The  adjourn- 
ment of  this  section  of  the  excursion  party  from  the  quarry  to  Mr. 
Everard*8  luncheon  table,  however,  prevented  him  from  fully 
developing  his  views  on  this  and  other  points.  Writing,  sub- 
sequently, he  says,  '^  The  age  of  the  anticlinal  has  been  a  matter 
of  dispute  ever  since  geology  was  a  science;  my  opinion,  after 
nearly  thirty  years*  study  of  it,  is  that  it  is  po«t-Garboniferoiit« 
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VnA'ismf^  HsD  f^jt  it  if  /ir<-Cftrt<Tiif'err<2£.  mztd  tiiat  the  MoQntam 

lAmt^Mkt  of   Graee-dien  *  lies  nt^tfAk/rmaMij  en  tiie  np-tomed 

edg«s  of  tbe««  Camlffian  rocks/     Tht-  question  is  oike  of  iimenge 

ifgoifiouieey  Ti2L,  the  existnice,  or  iioD-€xi$teDce.  of  a  eoal-fidd 

to  iht  esmt  Mnd  foodi-trasi  of  Cfaaravood.^     On  the  faith  of  tliis 

more    sanguine    riew  of    the    qnestion   a    boring  throogh   ^e 

Kenper  maris  is  being  executed  close  to  tbe  town  of  Leicester,* 

tA  a  spot  not  far  from  the  weU-known  Bh&tic  section,  which  has 

been  worked  with  snch  saccess  br  Mr  Harrison  of  the  Leiceat«' 

Mosenm.     HLoald  coal  be  found  there,   the  Tiews  of  Professor 

Hall  woald  scareelj  seem  to  be  snstained  in  that  qoarter.     That 

geologist  was  of  opinion  that  an  old  land-snrfacef  existed  during 

the  Carboniferons  period  extending  quite  across  Kngland,  from 

Wales  to  the  Wash,  and  that  the  Chamwood  hills  are  portions 

of  that  old  land-snrface,  in  a  hollow  or  bar  of  which  what  are  now 

the  Leicestershire  Coal  Measures  were  deposited.^     It  is  quite 

possible  that  this  maj  have  been  so,  and  jet  that  this  old  land- 

•nrface  felt  the  effect  of  those   elevatory   forces,  which,  acting 

on  N.  and  8.  or  Penine  lines,  have  tilted  the  Coal  Measures  in 

post-Permian    times.     This  would    serve   to   explain   whj   local 

geologists  view  tbe  Chamwood  anticlinal  as  post-  Carboniferous  ; 

bat  that  hj  no  means  takes  away  the  possibility  of  its  having 

been  an  old  land-surface  during   Carboniferous  times,  and  that 

the    Leicestershire   coal-field   is    an    original    basin   of    deposit, 

terminated  at  its  eastern  margin  by  pre-existing  land-surfaces. 

The  period  and  mode  of  formation  of  the  Chamwood  rocks,  is 

equally  a  subject  of  dispute,  though,  as  the  issue  has  no  economic 

importance,  these  are  matters  of  purely  geological  interest     By 

the  Bunrcy,  they  are  called  Cambrian,  because,  as  Professor  Ramsay 

^  Mr.  HsrrifOD,  writiog  Nor.  12ih,  1875,  says .— "  The  boring  has,  it  is  stated 
la  last  week's  Uxmu  papet*8,  reached  the  New  Bed  Sandstone;  they  are  downneuly 
700ft,,  through  red  marl  and  day,  and  have  now  reached  a  bed  of  sandstone.  & 
this  is  the  Upper  Kenper  Sandstone,  it  is  overlaid  hy  a  much  greater  thiokneu  of 
marl  than  farther  west,  where  some  200ft.  only  are  found  above  it." 

t  **  Goal  fields  of  Great  BriUin,"  Srd  Ed.,  p.  464. 

X  **  The  known  coal  areas  of  England  seem  to  hare  been  deposited  to  the  north 
and  south  of  a  tract  of  Carboniferous  land  surface,  to  which  I  have  seversJ  times 
alluded  under  the  term  of  the  '  Barrier.'  This  tract  of  land  appears  to  hare  ez> 
tended  from  Wales,  Shropshire,  and  Herefordshire,  towards  the  east,  along 
the  southern  margin  of  the  Soutn  StafPordshire  coal-field.  The  prolongation  (3 
this  huid  surface  may  attain  be  recognised  in  the  Cambrian  rocks  of  Chamwood 
Forest ;  and  between  this  part  of  its  range,  and  that  of  South  StafPordshire  and 
WoroRstershire,  there  was  probabljr  a  deep  bay,  stretchinp:  in  a  southerly  direction, 
which  was  filled  in  by  the  prolongation  of  the  Leicestprshire  coal  field."  "  Memoirs 
of  the  Geological  Surrey,  TriassTc  and  Permian  Bocks  of  the  Midland  Counties," 
by  Ed.  HoU,  M.A.,  F.B.S.,  page  109. 


EXCURSION   TO   CHARNWOOD    FOREST,  315 

told  Mr.  Plant,  there  were  no  sedimentary  deposits  of  older  date 
then  known.  Since  then,  Mr  Plant  has  suggested  in  the  *'  Geologi- 
cal Magazine,"  that,  from  Murchison's  own  data,  thej  ought  to  be 
called  Laarentian.  Hence,  it  appears,  there  is  a  general  idea  of 
their  being  very  old  indeed  ;  and,  as  they  are  only  found  in  company 
with  rery  much  more  recent  rocks,  we  have  nothing  to  prove  the 
contrary.  Lithologically,  the  resemblance  of  some  of  the  slates 
and  agglomerates  to  the  volcanic  rocks  of  Cumberland,  has  been 
already  noted ;  thus  they  may  ultimately  turn  out  to  be  Silurians 
of  the  same  age  as  these  beds.  The  mode  of  formation,  is  also  a 
subject  of  much  dispute ;  and  Professor  Ansted  has  taken  extremely 
metamorphic  views.  Ue  appears  to  consider  that  one  great  deposit 
of  marls^  clays,  and  sand,  was,  in  very  early  times,  upon  an  axis  of 
depression  then  existing  over  Western  Europe,  lowered  within 
the  scope  of  metamorphic  action^  and  then  brought  up  again,  on  an 
axis  of  elevation,  itself  one  of  the  most  ancient  in  Europe.  It  is 
very  difficult  to  avoid  believing  that  the  syenites  of  Groby  and 
other  places,  are  true  igneous  rocks,  although  they  may  have  under- 
gone a  considerable  amount  of  alteration  due  to  chemical  changes, 
acting  through  long  periods  of  time  ;  but  this  is  very  different  from 
what  is  usually  understood  by  metamorphism. 

After  enjoying  Mr  Everard's  hospitality,  this  section  of  the 
party  had  a  rainy  walk  to  Coalville,  where  they  joined  the  rest,  and 
all  proceeded  by  rail  to  Gresley,  a  station  on  the  Moira  coal-field* 

*  The  followinflT  Doiee  on  the  Leicestershire  Co«l*field  are  obtained  prineipaUj 
from  '*  Hall's  Coal  fields  of  Great  Britain,"  page  225  et  aeq,  SnperfioiaUj, 
its  western,  northern,  and  sontbem  edges  are  bordered  by  the  Trias,  and  on  the 
N.E.,  by  the  ancient  rooks  of  Cham  wood  Forest.  The  Coal  Measures  underlie 
the  Trias  (here  coosistiog  chiefly  of  Kenper  Marls)  to  a  large  and  unknown 
distance  towards  the  south  and  west  The  coal-field  is  physically  diTisible  into 
three  districts— that  of  Moira,  on  the  west ;  Ashby>de-la-Zouch  in  the  cen^ ;  and 
Coleorton  on  the  east.  The  first  and  last  onl^  contain  workable  coals.  The 
coal  series  of  these  two  districts  cannot  be  identifiad  with  each  other,  though  they 
are  probably  synchronous.  The  "  main  coal "  of  Moira  is  from  12ft.  to  14ffe. 
thick ;  that  of  Coleorton  from  6ft.  to  8ft.  The  new  colliery  at  Luidridge,  would* 
of  course,  beloBg  to  the  Coleorton  field  in  its  southerly  extension  beneath  the 
Keuper. 

Coal  Seams  of  the  Leicestershire  Coal  Fields  (page  227). 
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some  distance  to  the  west  of  Ashbj-de-la-Zouch.  From  Gresley, 
the  party  walked  down  the  line  about  a  mile  towards  the  Coton 
Park  and  Linton  Colliery — passing,  on  the  way,  a  section  of  the 
lower  portion  of  the  Pebble-beds  of  the  Banter. 

This  is  an  instance  of  a  shaft  being  sank  throagh  b^ds  of 
Triassic  age,  in  order  to  reach  the  rich  seams  of  the  Carboniferoas 
Series  of  Moira,  which  are  here  at  a  very  moderate  distance  from 
the  surface.  The  main  seam  is  upwards  of  14  feet  thick,  and  is 
mostly  good  coal,  with  no  gas.  Whilst  waiting  the  arriyal  of  Mr. 
Molyneax,  some  of  the  party  amused  themselyes  by  inspecting  the 
"  gobfires,"  which  had  conrerted  the  rubbish  heap  of  the  pit  into 
a  little  Yolcano.  Shovel  fulls  of  sulphur  might  have  been  taken 
away  from  here  before  the  rain.  Many  "needles"  and  "  flowers" 
of  sulphur  were  still  to  be  had.  There  was  also  a  considerable 
quantity  of  ferrous  sulphate,  likewise  the  result  of  the  oxidation 
of  pyrites,  which  is  plentiful  in  the  smutty  clod ;  crystals  of  salt 
are  not  uncommon. 

After  partaking  of  the  hospitality  of  the  Company,  of  which 
Mr.  Molyneux  is  one  of  the  directors,  the  party  descended  into 
the  workings,  which  are  remarkably  clean  and  dry.  As  there -is 
no  gas,  each  Member  was  provided  with  a  candle,  and  the  effect 
of  such  an  illumination  on  the  shining  walls  and  roofs  of  "black 
diamond  **  was  most  striking.  These  galleries — ^lofty,  indeed,  for 
a  coal  mine — are  all  hewn  out  of  the  coal,  the  workings  having  a 
face  of  10  feet.  The  roof  contains  numerous  compressed  plant  re- 
mains, mostly  Sigillaria, 

On  returning  to  the  surface,  Mr.  Molyneux  addressed  the  party 
on  the  geology  of  the  district ;  after  which  the  train  was  taken 
for  Leicester.  In  the  evening  many  of  the  Members  availed* 
themselves  of  the  opportunity  of  inspecting  the  Leicester  Museum, 
under  the  direction  of  Mr.  Harrison,  the  Curator. 

The  follomng  is  taken  from  a  local  newspaper : — 

Wednesday, — To-day  Barrow  lime- beds  were  set  down  for  a 
visit.  The  train  from  Leicester  was  taken,  which  soon  brought 
the  party  to  the  Lias  beds.  Here  the  various  operations  of 
removing,  lifting,  burning,  and  grinding  the  limestone  were  wit- 
nessed. This  was  succeeded  by  a  search  for  geological  rarities. 
One  or  two  of  such  were  found.  Ammonite  casts  and  Fectens  were 
very  abundant.     From  Barrow,  Mount- sorrel  was   soon  reached. 
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where,  nnd^r  tlie  guidance  of  Mr.  Edmunds,  a  minute  inspection  of 
the  Mount-sorrel  Granite  Company's  extensive  operations  was 
carried  out.  Luncheon  was  here  verj  generously  provided.  The 
company  then  made  a  tour  of  inspection  of  the  hill,  where  the  re- 
markable Glacial  action,  the  most  perfect  of  its  kind  in  England, 
was  pointed  out.  A  brisk  discussion  took  place  as  to  the  origin  of 
the  Drift  found  at  the  side  of  the  hill.  The  fact  of  Liassic  and 
Oolitic  fossils  being  common  in  it,  is  conclusive  against  its  being  a 
true  moraine,  though  it  partakes  more  or  less  of  a  moraine  cha- 
racter. A  trap  dyke  on  the  flank  of  the  hill,  about  six  inches  in 
width,  and  extending  for  several  hundred  yards,  and  composed  of 
pure  felsite,  was  next  noticed.  The  Members  carried  off  specimens 
of  this  intrusive  igneous  rock.  Simpson's  Quarry  was  then 
visited.  This  place  has  a  historic  interest,  it  being  that  visited  bj 
Professor  Airy  (Astronomer  Royal),  the  late  Professor  Whewell, 
and  Professor  Sedgwick.  These  found  a  trap  dyke  of  greenstone 
in  1834,  but  as  the  quarry  has  been  worked,  that  has  probably 
become  obliterated,  no  trace  of  it  being  now  visible.  The  gneissio 
rocks  were  next  visited,  after  which  the  company  returned  to  Sileby 
Station,  whence  most  of  them  proceeded  to  London.  Thanks  are 
due  both  to  Messrs.  Ellis  and  Son  and  the  Mount>sorrel  Granite 
Company,  for  their  kindness  in  permitting  so  thorough  an  inspec- 
tion of  their  works.  The  arrangements  for  the  various  excursions 
were,  on  the  whole,  well  carried  out ;  and  the  Members  doubtless 
returned  to  their  various  homes  with  the  pleasant  thought  that 
they  had  derived  both  pleasure  and  profit  from  their  visit  to 
ancient  Cham  wood. 


ORDINARY  MEETING,  Juns  4th,  1875. 

William  Carruthbrs,  Esq.,  F.R.S.,  President,  in  the  Chur, 

The  following  Donations  were  announced :  — 

"  Quarterly  Journal  of  the  Geological  Society,"  Vol  xxxi.,  Part 
2 ;  from  that  Society. 

"  Abstract  of  Proceedings  of  the  Geological  Society ;"  from 
that  Society. 

"  Journal  of  the  Society  of  Arts,"  May,  1875 ;  from  that 
Society. 

'*  Journal  of  the  Quekett  Microscopical  Club ;"  from  that 
Club. 
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"  Proceedings  of  the  South  Wales  Institute  of  Engineers," 
Vol.  ix.,  Parts  1  and  2 ;  from  that  Institute. 

"  Les  Reptiles  du  Terrain  Cretac^  du  N.E.  du  bassin  de  Paris," 
par  M.  Chas.  Barrois ;  from  the  Author. 

L'Aach^nien  et  la  limite  entre  le  Jurassique  et  le  Cr6tac^  dans 
TAisne  et  les  Ardennes.'* 

''  Ondulations  de  la  Graie  dans  le  Sud  de  T Angleterre,'*  par  M. 
Ghas.  Barrois ;  from  the  Author. 

"  Om  Skuringsmserker  Glacialformationen  Terrasser  og  Strand- 
linier,"  by  Prof.  Theodor  Kjerulf. 

"  Jasttegrjder  og  Gamle  Strandlinier  i  fast  Klippe;"  by  S.  A. 
8exe. 

The  following  were  elected  Members  of  the  Association : — 

Thomas  Belt,  Esq.,  F.G.S.  ;  John  Dallas,  Esq. ;  Musgrave 
Heaphy,  Esq. ;  Arthur  Buck  Kitchener,  Esq. ;  Major  John  W. 
Woodall,  M.A.,  F.G.8. 

The  following  Papers  were  read : — 

1. — On  the  Flora  of  the  London  Clay  of  Sheppey. 

By    William    Garrutherb,   Esq.,    F.R.S.,    President   of   the 

Geologists'  Association. 

The  Flora  at  present  in  existence  on  the  earth  dates,  to  a 
certain  extent,  from  Upper  Gretaceous  times,  asr  far  as  our  present 
information  goes ;  and  on  the  Gontineut,  remains  of  dicotyle- 
donous plants  occur  in  the  Lower  Eocene  of  which  the  London 
Glay  of  Slieppey  is  an  important  member.  Up  to  this  time — that 
is  to  say,  previous  to  the  commencement  of  the  Tertiary  period — 
the  Flora  of  the  British  area  consisted  of  vascular  cryptogams, 
and  of  gymnosperms,  associated  together.  Suddenly,  however,  we 
have  on  the  geological  horizon,  here  represented  by  the  London 
Glay,  a  great  display  of  dicotyledons  known  by  their  fruits,  which 
have  been  preserved  in  great  numbers,  whereby  many  genera  have 
been  determined,  in  a  great  measure^  from  specimens  obtained  in 
the  Isle  of  Sheppey.  These  fruits  are  not  in  this  district  accom- 
panied by  foliage,  which,  being  of  a  more  destructible  character, 
would  naturally  decay  in  the  passage  down  the  river,  which  is  sup- 
posed to  have  borne  the  less  destructible  nuts  and  other  fruits  from 
considerable  distances.     It  has  generally  been  considered  that  as 
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this  vegetation  is  evidently  the  growth  of  a  warm,  and,  judging 
by  analogy,  even  a  tropical  climate,  the  river  drained  some  country 
far  to  the  southward,  from  whence  these  fruits  were  derived.  The 
discovery,  however,  of  floras  in  Boreal  regions  prevents  us  from 
generalising  in  this  direction.  Although  no  foliage  is  preserved  to 
us  here  in  the  London  Clay  of  Sheppey,  there  is  a  contemporaneous 
deposit  in  the  Isle  of  Wight,  where  abundance  of  leaves  of 
dicotyledonous  plants  are  spread  o.ut  in  a  white  pipe  clay.  These 
may  be  the  leaves  borne  down  by  the  river  which  emptied  itself  into 
the  sea  somewhere  in  the  neighbourhood  of  Sheppey.  There  may 
be  similar  leaf  deposits,  such  as  the  one  above  mentioned,  which 
are  now  buried  and  lost  sight  of  altogether. 

It  will  be  perceived,  from  what  has  been-previously  stated^  that 
the  great  accumulation  of  vegetable  remains  is  just  as  likely  to  have 
come  from  the  north  as  from  any  other  quarter.  Although  this 
is  the  first  indication  of  dicotyledonous  vegetation  in  our  country, 
many  of  the  Orders  cannot  be  distinguished  from  those  now 
existing.  Dr.  Bowerbank,  many  years  ago,  collected  a  great 
number  of  species  from  Sheppey,  of  which  many  are  described 
in  a  work  he  published.  There  are  no  less  than  forty  species  of 
LeguminacecBy  not  exactly  belonging  to  the  bean  and  other  similar 
tribes,  but  rather  allied  to  the  MimoscB  and  Acacice,  Another 
group  well  represented  here  are  the  Ew-phorbias,  all  of  which  are 
now  confined  to  tropical  forests. 

It  is  from  such  facts  as  these  that  we  infer  the  character  of  the 
climate  of  the  period  in  question  in  this  area  ;  by  far  the  best 
inference  as  to  climatal  conditions  being  derived  from  vegetation. 
Amongst  contemporaneous  deposits  on  the  Continent  is  one  iftt 
Monte  Bolca.  In  Sheppey  the  assemblage  of  fruit  remains  is  limited 
to  those  portions  which  would  endure  transport  from  a  distance 
and  resist  decay.  Thus,  there  are  no  herbaceous  and  no  cellular 
plants  ;  but,  on  the  other  hand,  nuts  of  the  type  of  the  recent  Nipa 
are  found  in  great  numbers — whence  the  term  Nipadites  applied  to 
these  fossils.  They  seem  to  have  belonged  to  a  group  of  small 
stemless  palms.  At  the  present  day  some  of  the  rivers  in  the 
East  Indies  are  quite  crowded  with  such  nuts,  which  are  floated 
down  into  the  estuaries,  just  as  the  nuts  found  so  abundantly  at 
Sheppey  floated  down  the  river,  whose  mouth  may  probably  have 
been  somewhere  in  that  locality. 
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2.  Oh  the  Mechanical  Laws  of  the  Motemekt  of  Rivers 
AND  Glaciers,  and  the  Effect  of  these  Aoents  in 
PRODUCING  Valleys,  Lakes,  and  the  Contours  of  the 
Land  just  prior  to  the  Historic  Period. 

By  Alfred  Tylor,  Esq.,  F.G.S. 


EXCURSION  TO  THE  ISLE  OP  SHEPPEY. 

Juke  7th,  1875. 

Directors  : — The  President,  William  Carruthers,  Esq., 
F.R.S. ;  Major  F.  Duncan,  R.A.,  D.C.L.,  LL.D.,  F.G.S.,  &c. ; 
and  W,  H.  Shrubsole,  Esq. 

On  arriying  at  Queensborongh,  the  Members  were  met  by  Major 
Dnncan  and  Mr.  Shrubsole  at  the  head  of  a  large  party  of  resi- 
dents of  Sheerness,  and  officers  of  the  garrison.  A  nnmber  of 
carriages  were  promptly  filled,  and  driven  oflf  in  the  direction  of 
Warden  Point,  at  the  extreme  east  end  of  Sheppey.  The  lower 
road,  through  Eastchnrch,  was  taken,  and  after  a  pleasant  drive 
over  a  country  at  first  somewhat  unattractive  and  bare,  but  after- 
wards pretty  and  well  timbered,  with  fertile  vales  and  swelling 
elevations  affording  glimpses  of  the  sea  to  the  north,  the  procession 
of  well-filled  vehicles  arrived  at  Warden  Court,  where,  through  the 
kindness  of  G.  Payne,  Esq.,  Major  Duncan  was  enabled  to  give  his 
guests  a  most  hospitable  welcome  in  a  pleasant  tree-shaded  meadow 
sloping  towards  the  sea.  Here  luncheon  was  partaken  of  by  the 
entire  party,  numbering  about  eighty,  the  host.  Major  Duncan, 
presiding  at  the  centre  table.  Addressing  his  guests  at  the  con- 
clusion of  the  repast,  Major  Duncan  reminded  his  hearers  that  the 
object  of  the  Excursions  of  the  Geologists'  Association  was  two- 
fold. These  field-meetings  brought  the  Members  to  the  examples 
on  which  their  studies  were  based,  and  thereby  enabled  them  to 
learn  their  favourite  science  with  a  rapidity,  accuracy,  and  com- 
pleteness far  exceeding  anything  mere  words  or  ordinary  teaching 
could  effect ;  and,  secondly,  they  imparted  to  the  residents  of  the 
localities  visited,  an  interest  in  the  geology  of  their  neighbour- 
hood, and  a  desire  to  become,  to  some  extent,  conversant  with  the 
great  teachings  of  the  science.     After  some  further  remarks,  as 
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happy  and  hamorous  as  thej  were  tellingly  delivered,  and  heartily 
enjoyed  by  his  hearers,  Major  Dancan  gave  place  to  the  President, 
who,  on  behalf  of  the  Members,  tendered  his  warmest  thanks  for 
the  kindly  words  and  generous  hospitality  of  their  host. 

A  large  collection  of  the  fossils  so  abundant  in  Sheppey,  pyritized 
palm-fruits  {Nipadites)^  stems,  chelonian  and  fish  remains,  together 
with  coprolites  and  crystals  of  selenite,  exhibited  by  Messrs. 
Boughey,  Hall,  and  Atkins,  of  Sheppey,  invited  the  attention  of 
the  party  before  the  road  was  taken  to  the  cliffs,  on  the  brink  of 
which  stands  the  ruins  of  a  little  church,  which,  not  very  long  ago, 
was  considered  to  occupy  a  secure  position,  but  now  so  rapid  is  the 
destruction  of  the  land  by  the  sea,  and  so  near  is  the  church  to  the 
edge  of  the  cliff,  that  it  cannot  be  long  before  the  whole  structure 
is  destroyed.  Close  to  the  ruins,  and  with  a  commanding  view  of 
the  crumbling  masses  of  London  Clay  forming  the  seaward  face 
of  Sheppey,  the  visitors  assembled  to  listen  to  the  President's 
account  of  the  Flora  of  the  London  Clay  of  Sheppey. — {See 
page  318.) 

Following  Mr.  Carruthers,  Mr.  W.  H.  Shrubsole,  who  has  been 
resident  in  the  island  for  twenty  years,  informed  the  visitors  that 
the  stems,  as  well  as  the  fruits  of  plants,  were  often  found.  Land- 
slips here  were  frequent,  and  were  sometimes  extensive,  as  much  as 
five  acres  of  land  having  given  way  at  one  time.  There  was  a 
terrace,  or  lower  cliff,  which  formed,  as  it  were,  a  buttress  to  the 
upper,  and,  while  this  endured,  the  upper  cliff  remained ;  but  when 
this  support  was  destroyed  by  the  waves,  the  upper  cliff  gave  way, 
and  so  another  under  cliff  was  formed.  The  rapidity  of  the  des- 
truction of  the  cliffs  is  such,  that  no  less  than  800  tons  of  iron* 
pyrites,  derived  from  the  clay  washed  away  by  the  sea,  had  been 
shipped  in  three  months.  Septaria  are  also  numerous,  and  these 
calcarious  masses  being  washed  out  like  the  pyrites,  are  collected 
on  the  beach,  and  used  for  the  manufacture  of  cement. 

A  path  along  the  edge  of  the  cliff  led  to  the  course  of  a  stream, 
by  means  of  which  the  shore  was  gained,  and  the  Members  were 
enabled  to  examine  the  rugged  face  of  the  clay,  which  was  well 
searched  for  fossil  fruits.  These,  however,  did  not  present  them- 
selves in  great  numbers,  but  specimens  of  pyrites,  frequently  en- 
crusting portions  of  stems,  were  very  common.  Some  chelonian 
remains  were  also  found. 
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The  London  Clay,  which  forms  almost  the  whole  of  the  island 
of  Sheppej,  has  been  estimated  hj  Mr.  Prestwich  to  have  a  maxi- 
mnm  thickness  here  of  about  480  feet,  and  is  similar  in  litho- 
logical  character  to  the  formation  in  the  London  Basin  gene- 
rally. Its  dissimilarity  palaeontologically,  is,  however,  very  re- 
markable. The  extraordinary  number  of  plant  remains  which  it 
contains,  has  been  dilated  upon  by  Mr.  Carruthers  (p.  318),  and 
affords  ground  for  concluding  that  near  here  a  river  emptied  itself 
into  the  London  Clay  sea.  This  evidence  of  the  proximity  of  land 
is  in  accordance  with  the  fact  that  in  the  Sheppey  area  remains  of 
turtles  are  found  in  abundance,  while  they  are  wanting  in  the  London 
Clay  of  Middlesex  and  Surrey.  Indeed,  the  number  of  species  of 
turtle  found  at  Sheppey  is  most  remarkable,  when  it  is  borne  in 
mind  that,  at  present,  in  all  the  seas  of  the  globe  we  have  but 
few  known  species  of  Chelone. 

The  following  species  of  turtles  are  enumerated  in  Mr.  Whitaker's 
•*  Geology  of  the  London  Basin  :*' — 

Chelone  breviceps,  Owen.  Chelone  longicepa,  Owen. 

„        conveza,  Owen.  ,,     sabcariData,  Bell. 


cnneioepa,  Owen.  ,,     sabcristata,  Owen, 

latiscntata,  Owen. 


Again  following  the  path  on  the  top  of  the  cliff,  the  site  of  a 
Roman  pottery-kiln  was  reached.  Mr.  George  Dowker  considered 
it  to  have  been  a  "  smoulder-kiln,"  in  which  clay  vessels  were  placed 
with  charcoal,  and  the  fire  sustained  by  a  currrent  of  air  passing 
through  a  channel  dug  in  the  earth.  At  Hensbrook  a  second  descent 
to  the  shore  was  made,  and  the  face  of  the  cliff  was  then  observed 
for  a  long  distance  to  the  west.  Mr.  Carruthers  called  upon  his 
botanical  lore  to  describe  and  explain  the  plants  met  with,  one  of 
which,  the  Orchis  mascula,  was  in  full  flower,  growing  luxuriantly 
in  a  sheltered  spot,  and  so  afforded  an  illustration  of  kn  explana-> 
tion  of  its  reproductive  organs. 

The  Island  of  Sheppey  is,  though  mainly,  not  altogether  com- 
posed of  London  Clay,  for,  in  a  few  places,  as  at  Minster,  East 
Church,  and  at  East  End,  a  capping  of  sands  has  been  observed, 
and  these  sands  have  been  mapped  by  the  Survey  as  the  Lower 
Bagshot  Sands,  which,  in  other  localities,  overlie  the  London  Clay. 
Perhaps  the  best  exposure  of  these  arenaceous  beds  in  the  island 
is  the  cliff  section  near  the  end  of  East  End  Lane,  where  they 
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are  seen  oyerljing  the  London  Clay,  and  Iiaye  a  thickness  of  about 
25  feet. 

At  this  point  the  party  left  the  shore,  and  entering  a  pretty 
avenue  of  trees,  found  another  repast  prepared  for  them  by  the 
thoughtful  kindness  of  their  yery  liberal  Director,  Major  Duncan. 

The  thanks  of  the  party  having  been  heartily  given  to  Mr. 
Shrubsole,  and  the  Honorary  Secretary,  Mr.  Hudleston,  who'  had 
carried  out,  with  great  completeness  and  success,  the  arrangements 
which  Major  Duncan  had  so  ably  planned  for  the  comfort  and  in- 
struction of  his  guests,  the  carriages  in  waiting  were  again  in  re- 
quest, and  after  a  rapid  drive  to  Sheerness,  the  train  was  taken 
for  London. 


EXCURSION  TO  ERITH  AND  CRAYFORD. 

June  26th,  1875. 

Director, — J.  Logan  Loblbt,  Esq.,  F.G.S. 

The  sections  visited  on  this  occasion  were  the  same  as  those  in- 
spected during  the  previous  Excursion  of  the  Association  to  Erith 
and  Crayford,  May  4th,  1872,  a  Report  of  which  will  be  found  in 
Vol.  iii.  of  the  "  Proceedings,"  at  page  83.  It  will,  therefore,  be 
unnecessary  now  to  do  more  than  state  that  the  district  visited 
comprises  the  angle  of  land  formed  by  the  junction  of  the  valley 
of  the  Cray  with  that  of  the  Thames.  The  Thames  valley  portion 
consists  of  Thanet  Sands,  with  a  capping  of  Woolwich  Beds,  over- 
lying the  Chalk  ;  while  the  Cray  valley  contains  very  considerable 
beds  of  brick-earth  and  sands  of  Pleistocene  age,  reposing  on  the 
Eocene  and  Cretaceous  formations  above-named,  and  containing  in 
abundance  mammalian  remains  with  the  shells  characteristic  of 
Post-Pliocene  river  deposits. 
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ORDINARY  MEETING,  July  2hd,  1875. 

William  Cabbuthers,  Esq.,  F.R.S.,  F.G.S.,  &c..  President,  in 
the  Chair. 

The  following  Donations  were  announced  : — 

"  Abstracts  of  the  Proceedings  of  the  Geological  Society  ;** 
from  that  Society. 

'*  Transactions  of  the  Manchester  Geological  Society,"  Vol.  xiii., 
part  10 ;  from  that  Society. 

"  Transactions  of  the  Woolhope  Naturalists'  Field  Club,** 
1873-4;  from  that  Club. 

"Journal  of  the  Society,  of  Arts;"  from  that  Society. 

"Geological  Survey  of  Colorado,"  by  Dr.  F.  V.  Hayden ; 
from  the  Author. 

The  following  were  elected  Members  of  the  Association  : — 

The  Rey.  Henry  Edward  Maddock,  M.A.,  F.G.S.;  William 
Molyneux,  Esq.,  F.G.S. ;  Walter  Pearce,  Esq.,  A.R.Sc.M. 

The  following  Papers  were  read  : — 

!•  On  Some  of  the  Causes  which  have  Helped  to  Shape  the 
Land  on  the  North  Wales  Border. 

By  D.  C.  Davibs,  Esq.,  F.G.S.,  Oswestry. 
{Paper  deferred,) 


2.  The  Yorkshire  Oolites,  Part  II. 
Bt  Wilfrid  H.  Hudleston,  Esq..  M.A.,  F.G.S.,  &o. 

{Paper  deferred,) 


EXCURSION   TO  THE  SITE  OF   THE  NEW  MUSEUM 
OF  NATURAL  HISTORY,  SOUTH  KENSINGTON. 

July  10th,  1875. 

Director — Professor  John  Morris,  F.G.S. 

{Ueport  hy  W.  H.  Hudleston,  Esq.,  M.A.,  F.G.S.) 

Professor  Morris  and  the  party  were  received  within  the  enclosure 
by  Mr.  Thos.  M.  Rickman,  and  Mr.  Farquh arson,  who  conducted 
them  over  the  building  now  in  progress. 
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Mr.  Hickman  described  the  plan  of  the  building  at  some  length, 
and  gave  details  as  to  the  dimensions  and  intended  uses  of  the 
Tarious  apartments ;  after  which  the  Members  inspected  several  of 
the  more  accessible  portions. 

The  party  then  adjourned  to  the  excavation  now  opened  in  the 
Thames  Valley  Gravels,  which  have,  within  the  area,  a  maximum 
thickness  of  about  20  feet,  rather  towards  the  eastern  end,  whilst 
on  the  west  they  are  only  7  feet  thick.  Few  organic  remains  have 
been  discovered ;  but  the  tooth  of  an  elephant,  Elephas  prmi" 
gentuSy  was  found  at  the  west  end,  almost  resting  on  the  London 
Clay.  .  The  party  then  descended  into  the  most  recent  excavation 
in  the  gravels,  which  have  the  usual  character  of  the  deposits 
below  the  Clay  belt,  which  separates  them  from  the  Higher  Levd 
Gravels.  Professor  Morris  gave  a  short  account  of  the  "Quater- 
nary deposits  of  the  Thames  Basin. 

The  following  extract  from  the  "  Globe"  contains  a  description 
of  the  intended  building : — 

"The  New  Natural  History  Museum.— The  Geologists' 
Association  on  Saturday  visited  the  new  Natural  History  Museum 
in  course  of  erection  at  South  Kensington.  The  museum, 
when  completed,  is  to  receive  the  Natural  History  collections  now 
in  the  British  Museum.  The  building  is  now  so  far  advanced  that 
a  very  fair  idea  can  be  obtained  of  what  it  will  be  like.  Although 
brickwork  and  iron  are  mainly  used  in  the  construction,  yet  all  parts 
that  will  meet  the  eye,  both  inside  and  outside,  will  be  cased  with 
terra  cotta,  with  the  exception  of  the  steps,  which  will  be  of  stone. 
The  floors  will  be  of  concrete,  and  nominally  the  building  will  be 
fireproof.  The  whole  of  the  basement,  which  will  not  be  open  to 
the  public,  is  practically  above  ground,  and  the  level  of  the  public 
halls,  which  are  somewhat  above  the  level  of  the  roads,  forms  prac- 
tically a  first  floor.  The  main  entrance  is  on  the  south  side  ;  and 
there  will  be  an  inclined  sweep  for  carriages  as  well  as  a  broad 
flight  of  steps.  This  entrance  leads  into  a  large  central  hall  where 
will  be  a  classified  typical  natural  history  collection,  which  has  been 
called  an  Index  Collection.  It  is  intended  that  there  shall  be 
examples  of  every  known  type.  To  the  north  of  this  is  a  hall  for 
a  British  Collection.  To  the  west  of  these  central  halls  are  seven 
"  galleries'*  for  palaeontology,  and  to  the  east  seven  for  the  exhi- 
bition of  illustrations  of  existing  plants  and  animals.     The  two 
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halls  will  be  of  one  story  only,  but  there  will  be  balconies  running 
round  them  ;  the  fourteen  galleries  will  also  be  of  one  story  only, 
but  on  the  south  side  the  building  will  be  three  stories  high.  The 
decorations  form  one  of  the  most  interesting  features  of  the  build- 
ing. On  the  columns  around  the  windows,  and  in  some  places  on  the 
walls,  are  natural  history  specimens  carefully  reproduced  in  terra 
cotta,  from  designs  mainly  furnished  by  Professor  Owen  and  Mr. 
Henry  Woodward,  of  the  British  Museum.  Fish,  plants,  serpents, 
and  birds,  are  all  introduced ;  and  the  monkeys  on  some  of  the 
columns  have  a  rery  grotesque  effect." 

A  Tote  of  thanks  was  heartily  accorded  to  Professor  Morris  and 
to  Messrs.  Hickman  and  Farquharson  for  their  kindness  and  atten- 
tion. At  another  section,  about  the  same  level,  Mr.  Ives  had 
obtained  remains  of  mammoth,  ox,  and  red  deer. 

The  party  adjourned  to  the  Albert  Memorial.  The  long  steps 
at  the  bottom,  on  the  south  side,  are  of  granite  from  Penrhyn,  in 
Cornwall ;  the  blocks  which  terminate  them  are  capped  by  pink 
granite,  from  the  Isle  of  Mull.  The  steps  above  the^e  are  of  a 
greyish-white  felspathic  rock,  with  dark  specks  and  blotches. 
This  is  called  the  grey  granite  of  Castle  Well  an.  The  platforms 
are  paved  with  three  varieties  of  slabs — white  Mountain  Lime- 
stone, from  Derbyshire;  red  Permian  sandstone,  from  Mansfield; 
and  dark  slate  from  Charnwood  Forest.  Many  other  varieties 
of  granite  may  also  be  noted  here,  of  which  the  polished  red 
granite  from  the  Ross  of  Mull  is  probably  the  most  beautiful. 
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Monday,  July  19th,  1875,  and  five  following  days. 

Directors, — Sir  Charles  Strickland,  Bart.;  Professor  John 
Morris,  F.G.8.  ;  C.  Fox  Stranowavs,  Esq.,  F.G.S.,  of  the 
Geological  Survey;  John  W.  Woodall,  Esq.,  M.A.,  F.G.S.  ; 
and  W.  H.  Hudlebton,  Esq.,  M.A.,  F.G.S. 

{Report  by  Mr.  Hudleston.) 

The  party  from  London,  conducted  by  the  President  and  Pro- 
fessor Morris,  arrived  at  York  early  in  the  afternoon  of  Monday, 
where  there  was  a  considerable  accession  to  its  numbers.  At  the 
station  the  Members  of  the  Association  were  met  by  Mr.  Alderman 
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Walker,  Vice-President  of  the  Yorkshire  Philosophical  Society ; 
Mr.  W.  Graj,  F.G.S.  Treasurer;  Mr.  W.  Reed, 
F.G.S.,  Curator  of  the  Geological  Department;  Mr.  F.  J. 
Walker,  M.A.,  F.G.S. ;  the  Roy.  Canon  Raine,  members  of 
Council ;  and  Mr.  T.  S.  Noble,  F.G.S.,  Honorary  Secretary. 
After  a  hearty  welcome,  the  members  of  the  Yorkshire  Phi- 
losophical Society  present  invited  the  geologists  to  partake  of 
luncheon  at  the  North- Eastern  Railway  Hotel.  Having  en- 
joyed the  hospitality  of  the  Yorkshire  Philosophical  Society, 
tlie  party  proceeded  to  inspect  their  Museum,  where  Mr.  W.  Reed 
pointed  out  the  chief  features,  drawing  especial  attention  to 
the  collection  of  bones  from  the  celebrated  Kirkdale  Cave,  near 
Kirbymoorside,  and  to  the  interesting  specimens  from  Bielbecks. 
Others  of  the  party  were  shown  the  large  collection  of  striated 
boulders,  derived  from  the  mountains  of  the  North,  which  have 
been  recently  discovered  during  the  extensive  excavations  made  for 
the  new  railway  station  ;  whilst  a  third  party  was  conducted  over 
the  antiquarian  department,  by  the  Rev.  Canon  Raine.  Owing  to 
a  pressure  of  time,  only  a  cursory  inspection  was  made  of  the 
numerous  contents  of  the  Museum ;  after  which  several  of  the 
Members  made  a  hurried  inspection  of  the  Minster,  and  others 
visited  the  splendid  geological  collection  of  Mr.  Reed,  and  the 
very  interesting  one  which  Mr.  J.  F.  Walker  has  also  formed. 
The  party  proceeded  to  Whitby  in  the  evening,  and  took  up  quarters 
at  the  Crown  Hotel. 

On  the  following  day  a  portion  of  them  visited  the  Whitby 
Museum,  where  their  President,  William  Carruthers,  Esq.,  F.R.S., 
took  the  opportunity  of  examining  some  of  the  Oolitic 
plants  in  the  collection.  The  bulk  of  the  party  inspected 
the  fine  exposure  of  Upper  Lias  on  the  south  side  of  Whitby 
Harbour,  together  with  the  overlying  Dogger  and  Lower  Estuarine 
series  of  the  Inferior  Oolitic,  remarkable  for  the  great  fossil  mares' 
tails  {Equisetitea  columnare)  which  it  contains.  Whilst  the  main 
party  were  examining  the  north  part  of  the  town,  and  seeking 
admission  to  the  Museum,  some  crossed  the  bridge  to  the  older 
part  of  Whitby,  with  its  steep  and  narrow  streets.  Mounting  the 
hill-side  by  its  long  stone  staircase,  the  visitors  reached  the  fine 
old  Church,  debased  by  modern  windows,  the  elegant,  though 
dilapidated  ancient  Cross,  the  Abbey,  beautiful  in  ruin, 
and  the  old  residence    of   the   Cholmleys.      The    rain    blurred 
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the  distant  prospect;  bnt  traces  of  the  ecclesiastic  bdildings 
in  nearly  every  stone,  and  the  suggestive  surroundings,  were 
goodly  food  for  the  "  scientific  imagination."  About  noon 
the  majority  of  the  party  proceeded  by  rail  to  Newtondale.  At 
ihe  railway  station  they  were  met  by  the  two  principal  local 
Directors,  8ir  Charles  Strickland,  Bart.,  and  C.  Fox  Strangways, 
Esq.  Through  the  kindness  of  the  authorities  of  the  North- 
Eastern  Railway  Company,  the  train  was  stopped  near  the 
<<  Needle's  Eye,"  and  nineteen  enthusiastic  geologists,  undeterred 
by  the  inevitable  soaking  in. prospect,  got  out  to  follow  their  two 
gallant  leaders.  The  remarkable  gorge-like  character  of  this  part 
of  Newtondale,  hemmed  in  by  mural  precipices  which  spring  from 
steeply- wooded  slopes,  could  be  only  partially  realised.  These 
precipices  consist  of  Kelloway  Hock,  which  here  attains  a  very 
great  importance,  being  from  70  to  80  feet  thick.  Ages  ago  this 
gorge  was  celebrated  for  its  breed  of  falcons,  and  Yewdale  Scar,  to 
judge  from  its  appearance,  would  be  a  favourite  nesting-place.  It 
consists  wholly  of  Kelloway  Rock,resting  immediately  upon  the  Bine- 
shales  above  the  Combrash.  At  the  base  is  a  soft  sandrock,  which 
weathers  into  a  natural  corridor ;  thence  upwards  is  a  series  of 
horizontal  slabs  of  natural  masonry,  alternating  with  layers  of  a 
softer  material,  and  occasionally  with  rows  of  circular  cavities,  due 
to  the  dissolving  out  of  sphaBroidal  masses  more  soluble  than  the 
rest  of  the  rock.  There  are  few  more  picturesque  precipices  in  all 
these  moorlands.  The  brownish  yellow  tint  of  the  rock  contrasts 
well  with  the  grey  colour  of  the  lichens,  whilst  the  cliff  face  itself 
is  bristling  with  dwarf  oak,  birch,  and  holly.  Arrived  on  the 
summit,  the  party,  in  the  midst  of  a  drenching  shower,  skirted  the 
moorland  edge  of  the  precipitous  escarpment,  in  the  direction  of 
Levisham  Station.  Before  arriving  there  an  old  iron  mine  in  the 
Combrash,  near  Skelton  Tower,  was  visited,  and  an  extraordinary 
number  of  characteristic  fossils  obtained.  This  division  of  the 
party  concluded  the  work  of  the  day  in  the  Pickering  qnarrieSy 
which,  taken  together,  present  a  most  remarkable  and  complete 
section  of  the  Upper  Calcareous  Grit,  Coralline  Oolite,  and  passage 
beds  connecting  the  latter  with  the  Lower  Calcareous  Grit. 
At  Pickering,  whilst  several  of  the  party  who  came  direct 
from  Whitby  hastened  to  the  quarries  of  Coralline  Oolite,  some 
visited  the  grand  old  Castle.  Scarborough  was  reached  in  the 
evening,  and  the  whole  party  re-assembled  at  the  Pavilion  Hotel. 


EXCURSION  TO  BAST  YORKSHIRB.  329 

On  Wednesday,  the  members  of  the  excursion,  with  sereral 
gentlemen  from  Mai  ton,  Driffield,  &c.,  about  thirty-six  in  all, 
drove  to  Peak  Hall,  and  descended  the  clififs  on  the  north  side. 
Those  who  have  ever  had  an  opportunity  of  visiting  this  magnificent 
scene,  wonderful  alike  for  its  impressive  grandeur,  and  for  the  lessons 
which  it  teaches,  will  be  ready  to  admit  that  this  great  group  of 
cliffs  is  unequalled  in  our  island  for  its  combination  of  impressive 
scenery  with  the  advantage  of  geological  section.  The  fault  which 
brings  the  Middle  Lias  on  a  level  with  the  Lower  Estuarine  beds 
of  the  Inferior  Oolite,  is  admirably  seen  about  half-way  down  the 
cliff.  At  this  point  the  general  section  on  the  eastern  or  down- 
throw side  was  explained,  and  the  very  remarkable  difference  of 
development  which  some  of  the  beds  undergo  in  those  short 
distances  pointed  out.*  The  great  feature  of  interest  in  this 
respect  is  the  extraordinary  importance  of  the  passage-beds  between 
the  Upper  Lias  and  the  Oolites.  On  first  touching  the  beach, 
here  terribly  stony  and  difficult,  the  alum-rock  of  the  Upper  Lias 
is  seen  in  position,  but  as  the  beds  are  dipping  rather  fast  in  a 
south-east  direction  towards  Blea  Wyke  Point,  higher  beds 
succeed,  containing  a  peculiar  set  of  ammonites.  Some  very  fine 
specimens  of  Trigonia  literata  were  here  found ;  and  above  this, 
again,  a  thick  series  of  grey  sandy  shales,  from  which  specimens  of 
Ammonites  striaiulus  were  obtained.  The  bay  at  Blea  Wyke  is 
hollowed  out  of  these  shales,  above  which  occur  the  micaceous 
sands  with  Lingula  Beanii,  which  form  the  scar  of  that  singular 
platform.  At  the  comer,  the  *'  Yellow  sands  "  form  the  base  of  the 
cliff ;  and  in  the  top  of  these  is  the  Terehraiula-he^,  which  is  sepa- 
rated from  the  true  Dogger  by  a  band  of  shale.  Still  proceeding 
south-east,  as  the  bed  dips  rapidly,  the  whole  of  the  Dogger,  here 
about  thirty-three  feet  thick,  came  within  reach  of  the  hammers  of 
the  party.  The  iNTermcFa-bed,  towards  the  top,  contains  a  splendid 
series  of  fossils.  But  these  hard  slabs  of  ironstone  take  much 
working ;  and,  although  the  tinkling  of  many  hammers  was  heard, 
few  bags  were  enriched.  It  seems  almost  a  pity  to  chip  these  ex- 
quisite frescoes,  which  reveal  to  us  the  life  of  a  former  world, 
unless  the  specimens  can  be  removed  and  cleaned  systematically. 
Just  above  the  spot  where  the  Dogger  sinks  into  the  sea,  the  party 
met  a  very  welcome  friend,  which  had  come  round  by  another 
path — the   lunch.      After  discussing   this,   and   listening  to  the 

*  See  "  Proceedings  Qeolofiita'  Aiaodatioii,"  Vol,  iii,  p.  294,  €i  Mg. 
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remarks  ,of  Professor  Morris  on  the  general  section,  and  to  the 
other  leaders  of  the  party,  the  Members  set  to  work  upon  the  cliff 
in  front,  which  had  to  be  ascended  ere  they  could  win  their 
carriages.  Viewed  from  below,  this  portion  of  the  great  Stainton- 
dale  range  is  equally  instructive,  if  less  terrible,  than  that  along  the 
base  of  which  the  party  had  already  scrambled.  In  ascending 
order,  there  is  a  huge  series  of  alternate  shales  and  sandstones,  in- 
distinctly parted  by  the  last  feeble  indications  of  the  Millepore-hedj 
which  barely  survives  to  crop  out  at  Peak.  In  the  upper  part  of 
the  cliff  is  the  great  marine  deposit  of  the  Scarborough  Limestone, 
capped  by  shales  full  of  Avicula,  and  surmounted  by  a  few  feet  of 
the  Upper  Estuarine  beds. 

On  Thursday  morning,  the  weather  was  so  bad  that  the  party 
adjourned  to  the  Museum  of  the  Scarborough  Philosophical 
Society,  which  was  then  thrown  open  to  the  Members  by  the 
liberality  of  the  Council.  Mr.  Roberts  was  in  attendance,  and 
afforded  every  facility  for  examining  the  specimens.  The  leaders 
of  the  party  took  the  opportunity  of  making  a  few  observations. 

Mr.  Carruthers  gave  a  sketch  of  the  plant  life  of  the  Oolites 
of  Yorkshire,  as  far  as  it  had  been  determined  from  the  remains 
found  in  the  rocks.  .  The  cellular  cryptogams  were  entirely 
absent,  if  two  or  three  doubtful  plants,  which  had  been  referred  to 
Algae,  were  excepted.  The  absence  of  cellular  plants  was  duo  to 
conditions  unfavourable  to  their  preservation.  Three  groups  of 
vascular  cryptogams  were  represented  in  the  rocks — the  mares' 
tails  by  one  or  two  species,  the  club  mosses  by  some  species,  and 
the  ferns  by  a  large  number  of  specimens,  which  had  been  made 
into  more  species  in  the  books  than  had  really  been  found  in  the 
rocks,  because  sufficient  allowance  had  not  been  made  for  variation 
of  form  and  venation  which  occurs  in  different  fronds  of  the  same 
species,  or  even  in  different  parts  of  the  frond.  Fruit- bearing  speci- 
mens of  several  species  had  been  found ;  and  though  the  form  only 
was  preserved  as  a  thin  layer  of  carbon,  it  gave  a  more  certain  indica- 
tion of  the  systematic  position  of  the  fossil  than  the  venation  only. 
The  fruits  indicated  the  presence  of  ferns,  which  could  with  fair 
reason  be  placed  in  existing  groups  of  that  order  of  plants.  The 
rest  of  the  ferns  were  separated  into  species  from  characters 
obtained  from  the  venation — a  most  unsatisfactory  basis  for 
classification,  but  the  only  one  generally  available  to  the  palaeon- 
tologist.     The  higher  flowering  plants  were  represented  in  these 
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rocks  only  by  gymnospenns.  No  specimens  had  been  found  which 
could  be  referred  to  Monocotyledons  or  Dicotyledons.  The 
conifers  and  cycads  form  a  large  portion  of  the  plants  preserved 
to  us,  yet  it  is  certain  that  the  record  of  them  is  very  imperfect, 
for  the  stems  and  fruits  belonging  to  the  large  series  of  the  foliage 
of  the  cycads  are  absent.  The  separate  scales  of  an  Araucaria 
are  not  infrequent  in  the  shales,  and  they  may  belong  to  the 
foliage  which  is  often  associated  with  them,  and  which  has  been 
called  Brachyphyllum,  The  fruit  and  foliage  of  another  conifer  is 
not  un frequent,  and  a  leafy  branch  of  a  plant  approaching  the 
Cryptomeria  of  Japan  has  been  found.  Among  the  cycads  two 
forms  of  cones  have  been  detected  -  one  nearly  allied  to  the  cones 
of  existing  species,  except  that  the  scales  were  scattered  on  the 
axis ;  and  the  other  an  anomalous  form,  which  had  beeu  worked 
out  by  Professor  Williamson,  and  was  extinct.  The  speaker  had 
established  two  genera  for  these  plants ;  and  recognizing  in  some 
measure  the  labours  of  two  Scarborough  men  who  had  done  good 
service  to  geological  science,  he  had  named  the  first  Beania  and 
the  second  Williamsonta,  It  was  very  difficult  to  estimate  the 
relation  to  living  plants  of  the  great  variety  of  leaf  forms 
belonging  to  the  Cycadeae  which  were  found  in  these  beds.  When 
the  fruit  is  found  it  will  probably  show  that  other  types  besides 
that  of  Williamsonia  occurred  in  the  Yorkshire  Oolites, 

Professor  Morris  reminded  his  audience  that  he  had  yesterday 
enumerated  the  several  formations  seen  in  the  cliffs  of  this  neigh- 
bourhood, as  far  as  they  represented  the  Lower  Oolitic  beds,  from 
the  Lias  upwards  to  the  top  of  the  Estuarine  series,  including  the 
plant-beds  and  coal-seams  of  East  Yorkshire.  He  bad  pointed 
out  their  various  origin,  whether  estuarine  or  marine,  and  how  far 
they  were  equivalent  with  the  several  members  of  the  Lower 
Oolite  of  the  south  of  England,  viz.:  the  Inferior  Oolite,  Fullers* 
Earth,  Great  Oolite,  and  Forest  Marble.  To-day,  he  said,  they 
would  see  the  strata  higher  in  the  Oolitic  or  Jurassic  series. 
There  would  be  the  Combrash  overlying  the  plant-beds,  a  re- 
markably persistent  though  thin  limestone,  ranging  from  York- 
shire to  Dorsetshire ;  this  is  overlain  by  the  iit;}ci//a-shales,  and 
the  bed  known  as  the  Kelloway  Rock  succeeds.  Here  we  find 
sandy  beds,  about  80ft.  thick,  with  bands  of  peculiar  fossils,  near 
Scarborough,  and  thinning  away  to  the  south.  The  origin  of  the 
name  (from   Kelloway  Bridge,  in  Wiltshire,  one    of  the   com- 
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paratively  few  places  where  it  has  been  well  exposed)  was 
explained,  and  reference  made  to  the  "  Father  of  English  Geology," 
William  Smith,  the  uncle  and  teacher  of  the  late  lamented  and 
illastrioas  John  Phillips,  who  did  so  much  for  the  geology  of 
Yorkshire,  After  the  Kelloway  Rock  had  been  deposited  in 
relatively  shallow  and  open  waters,  the  sea  of  the  period  was 
invaded  by  mud  currents  from  the  cliffs,  or  from  rivers,  and  this 
accumulated  to  the  thickness  of  several  hundred  feet  during  a  long 
period  and  over  a  large  area,  forming  what  is  known  as  the  Oxford 
Clay.  Its  equivalents  are  found  under  Moscow  and  in  Northern 
India.  The  clay  beds  are  here  and  elsewhere  succeeded  by  the 
Coralline  Oolite  and  its  modifications  of  Coral  Rag  and  Calcareous 
Grit,  with  their  fossils  of  a  somewhat  Oxfordian  character.  How 
the  succession  of  these  alternating  hard  sandstones,  limestones, 
soft  shales,  and  clays,  when  exposed  on  the  cliffs,  were  worn  away 
into  sudden  scarps  and  sloping  taluses — as  well  shown  by  the  profile 
of  the  Castle  Hill — the  Professor  illustrated  by  a  chalk  diagram. 
The  occurrence  of  Glacial  clay  or  Drift,  in  patches  on  the  top  of 
the  Castle  Hill  was  also  noticed.  A  masterly  r^sum^  of  the  whole 
subject  concluded  the  address. 

Professor  Rupert  Jones,  F.R.S.,  having  been  asked  to  add  a  few 
words  on  the  Physical  Geology  of  the  district,  added  that  be  knew  but 
little  of  this  most  interesting  locality,  except  from  what  he  had  read, 
and  what  he  had  been  so  happy  to  learn  under  the  excellent  guid- 
ance of  Professor  Morris,  Mr.  Hudleston,  Mr.  Strangways,  and 
Sir  Charles  Strickland,  duing  this  excnrsion.  He  could  not  but  be 
interested  in  the  structure  of  the  Castle  Hill,  as  explained  by  Pro- 
fessor Morris  ;  and  when  we  sought  for  the  proximate  causes  of  the 
inclination  of  the  strata,  we  must  have  recourse  to  the  hypothesis 
boldly,  but  yet  philosophically,  advanced  by  Dana  and  others,  as  to 
the  crumpling  of  portions  of  the  earth's  crust,  as  one  part  sunk 
and  another  remained  at  the  level,  and  were  crashed  one  against 
the  other,  giving  rise  to  the  mountains  and  areas  of  continents. 
The  attention  of  the  party  was  called  to  the  fiat-topped  hills  of  the 
vicinity,  and  their  relation  to  an  old  plain  of  marine  denudation, 
and  to  the  occurrence  of  hard  horizontal  strata  resisting  denuda- 
tion, except  where  faults  broke  them  up,  and  gave  rise  to  many  of 
the  valleys,  and  often  allowed  the  soft  clays  to  be  squeezed  out, 
letting  down  the  harder  beds.  The  many  subjects  for  thought  and 
investigation  comprehended  in  these  hypotheses  of  undulation  of 
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the  strata,  plains  of  denudation,  yalley  formation,  and  deposition 
of  strata,  were  suggested  for  the  consideration  of  the  Members. 

Sir  Charles  Strickland  regretted  that  he  had  paid  so  little  atten- 
tion to  the  subject  of  Geology  for  the  last  twenty-five  years  and 
had  come  to  learn,  rather  than  to  teach.  Still  there  were  some 
points  in  connection  with  the  Liassic  and  Oolitic  beds  of  this  dis- 
trict which  forced  themselves  upon  his  notice,  and  which  he  might 
venture  to  indicate  to  the  members  of  the  party.  One  of  these 
was  the  remarkable  recurrence  of  analogous  and  even  similar 
life  forms  in  beds  of  different  age,  but  possessed  of  similar  mineral 
characters.  This  was  particularly  shown  in  the  case  of  the  Marl- 
stone,  Inferior  Oolite,  and  Cornbrash,  in  which  strong  points  of 
resemblance  might  be  traced ;  and  as  regards  the  two  latter, 
especially  with  an  actual  recurrence  of  many  of  the  same  species. 
In  the  Coralline  Oolite,  which  he  had  made  his  especial  study,  and 
with  whose  fossils  he  might  claim  to  have  some  acquaintance,  he 
had  come  to  the  conclusion  that  there  were  two,  or  even  three,  very 
distinct  sets  of  fossils.  This  peculiarity  arose  more  from  a  differ- 
ence of  physical  condition,  affecting  the  life  of  the  creatures,  than 
from  changes  due  to  the  lapse  of  time  between  beds  of  slightly 
different  age.  Thus  the  lower  beds  of  this  formation  in  Yorkshire 
generally  consist  of  Oolitic  limestone,  and  sometimes  of  compact 
or  shelly  limestone,  the  whole  being  generally  devoid  of  actual 
coral.  These  beds  contain  a  very  different  set  of  shells  from  the 
overlying  Coral  Rag,  which,  however,  is  irregularly  distributed  and 
unequally  developed.  The  latter  has  a  peculiar  set  of  fossils,  the 
remains  of  coral- haunting  Mollusca,  &c.,  and  is  especially  rich  in 
finely-marked  univalves,  and  in  Echinodermata  of  many  species, 
which,  along  with  numerous  other  shells,  may  be  extracted  from  the 
mineralised  remains  of  these  old  coral  reefs. 

Mr.  Fox  Strangways  remarked,  in  common  with  the  two  Pro- 
fessors who  had  already  spoken,  upon  the  importance  of  tracing 
the  lines  to  which  they  had  alluded,  as  by  doing  so  we  should  be 
able  ultimately  to  correlate  the  beds  stratigraphically.  In  this 
district,  which  was  marked  by  strong  geological  features,  the 
stratigraphy  of  the  interior  was  not  always  easy  to  read.  The 
system  adopted  by  the  Geological  Survey  was  to  commence  upon 
the  coast,  where  there  are  fine  natural  sections  ;  and  having  com- 
pleted the  survey  of  this  portion,  to  make  use  of  the  knowledge  so 
obtained  for  the  mapping  of  the  interior.     He  concluded  by  bearing 


834  EXCURSION    TO    EAST    YORKSHIRE. 

testimony  to  the  value  of  the  labours  of  the  late  Professor  Phillips 
in  this  direction. 

Mr.  Hudleston  had  very  few  observations  to  make  by  way  of 
supplementing  the  remarks  of  the  speakers  who  had  so  well 
explained  to  the  party  the  leading  geological  features  of  the 
district,  together  with  its  palaontology  as  represented  in  the 
Museum.  One  point  of  interest  might  be  noted  as  haying  aa 
intimate  connection  with  the  question  of  the  division  between  the 
Lower  and  Middle  Oolites.  At  Scarborough  this  line  might  be 
drawn  (palaeontologically)  rather  above  the  middle  of  the  Kelloway 
Rock,  which  is  about  80  feet  thick  on  the  North  Cliff.  On  this 
horizon  there  seems  to  be  the  first  incoming  of  the  Cephalopoda^ 
80  extremely  plentiful  in  the  top  beds,  thus  marking  the  com- 
mencement of  the  Oxfordian  fauna  in  this  part  of  Yorkshire. 
Until  this  profusion  of  ammonites  and  belemnites  sets  in,  there 
is  not  sufficient  change  in  the  other  Mollusca  to  suggest  the 
necessity  for  a  separation  into  the  Lower  and  Middle  Oolites. 
The  ammonites  of  the  Kelloway  Rock,  of  which  there  is  a  good 
show  in  this  collection,  present  so  many  varieties  of  form,  that 
fully  thirty  species  had  been  described  therefrom,  though  probably 
this  number  would^have  to  be  modified,  if  existing  views  were 
to  be  carried  out.  There  is  a  strong  family  likeness  between 
some  of  the  Kelloway  Ruck  ammonites  of  Gristhorpe  and  of 
those  of  the  Oxford  Clay  and  Lower  Calcareous  Grit  of  the  coast. 
The  next  great  palasontological  group  is  the  Corallian,  here 
divisible,  as  Sir  C.  Strickland  had  observed,  into  two  distinct  sets. 
Since  the  Corallian  can  no  more  be  viewed  as  a  separate  geological 
epoch,  but  merely  as  representing  the  coral  and  coral  mud  and 
sand  areas  .(not  synchronous  in  all  parts)  of  the  Oxford- Kimmer- 
idgian  sea,  the  name  Corallian  must  be  deemed  a  mere  matter  of 
convenience,  not  representing  a  formation  in  time.  In  this  way, 
as  regards  time  only,  the  fauna  of  the  lower  portion,  or  Coralline 
Oolite,  of  Yorkshire  might  be  assigned  to  the  Oxfordian,  whilst 
the  upper  portion,  representing  the  Cidaris  flovigemma  zone  of 
continental  authors,  may  be  assigned  to  the  Kimmeridgian. 

M.  Barrels  afterwards  informed  some  of  the  party  that  the 
Corallian  of  France  is  now  classed  with  the  Kimmeridgian. 

The  weather  having  partially  cleared  on  the  afternoon  of 
Thursday,  the  party  proceeded  along  the  South  Sands,  beyond  the 
Spa,  where   the  irregular  and  false  bedded   sands  of  the   Upper 
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Estaarine  series  are  seen  to  rest  on  the  ironstones  of  the  Scar<^ 
borough  Limestone.  This  latter  gronp  forms  the  Scar  at  White 
Nab ;  here  it  is  probably  aboat  20  feet  thick,  having  shrank 
from  50  feet  at  Hundale,  north  of  Scarborough.  South  of  White 
Nab,  the  formation  decreases  in  importance ;  and  in  Gristiiorpe 
Bay,  where  the  party  last  saw  it,  four  or  five  feet  is  about  the 
total  thickness.  Crossing  Camel ian  Bay,  the  fault  which  brings 
the  MilleporeAimesione  against  the  Cornbrash  at  Ewe  Nab,  was 
noted ;  and  the  party,  after  scrambling  over  the  enormoas  blodka 
of  the  former,  found  themselves  in  Cayton  Bay.  The  fault  near 
the  Waterworks,  which  brings  the  porous  Calcareous  Grit  against  a 
mass  of  Drift  clay,  is  probably  the  cause  of  that  supply  of  water 
which  is  now  used  by  the  town  of  Scarborough.  The  grand  semi- 
circular section  beneath  High  Bed  Cliff  next  fixed  the  attention 
of  the  party.  This  serves  to  display  the  Middle  Oolites,  as  the 
section  at  Peak  does  the  Inferior  Oolites.  The  sudden  change  of 
beds  produced  by  the  Red  Cliff  fault,  still  further  enhances  the 
value  of  this  section.  It  brings  the  Inferior  Oolites  in  again  ;  but 
the  sedimentary  beds  are  rapidly  shrinking,  and  are  packed  into  a 
much  smaller  space  than  further  to  the  North.  Thus,  at  Youn 
Point,  the  J/t7/^/>ore-limcstone,  followed  by  a  variable  series  con- 
taining the  peculiar  fossils  of  that  horizon,  is  overlaid  by  the 
Carbonaceous  series,  or  Middle  Estuarine,  which,  besides  much 
coaly  matter,  contains  the  celebrated  Plant-bed.  Amongst  some 
of  the  plant-shales,  a  well-grown  Modiola  cuneata  was  found. 
The  party  now  ascended  the  slippery  slopes  of  Gristhorpe  Bay, 
and  after  being  threatened  by  the  usual  bull,  which  frequents 
the  pastures  adjoining  High  Red  Cliff,  returned  to  Scarborough 
by  the  road. 

Friday  was  devoted  to  Filey  Bay,  and  th&  first  thing  examined 
was  the  great  mass  of  blue  clay  beneath  the  Chalk,  known 
generally  as  Spceton  Clay.  Sir  Charles  Strickland  brought  home 
some  fine  specimens  of  Ancyloceraa  ;  and,  on  the  whole,  some  of 
the  Members  were  pretty  successful  in  finding  characteristic  fossils  i 
such  as  Belemnitea  jaculum,  Gryphcea  ainuata,  &c. 

Professors  Morris  and  Rupert  Jones  addessed  the  party.  The 
former  observed  that  the  Specton  Clay  comprised  the  Upper, 
Middle,  and  Lower  Neocomian  of  continental  authors,  of  which 
the  Upper  alone  is  represented,  as  the  Lower  Greensand,  in 
Southern  England.     The  Lower  beds  are  possibly  in  point  of  time 
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the  eqiUTsIenls  of  the  Weslden.  Professor  Rnpert  Jones,  F.B.S^ 
eoold  onlj  express  his  thanks  to  Professor  Morris  for  the  master] j 
expositioD  of  the  relstionship  oi  the  Neocomisn  fomiadoiis  of 
Yorkshire  to  those  of  the  Continent,  as  elccidated  hj  Mr.  Jadd ; 
and  of  the  Wealden  and  other  freshwater  and  terrestrial  fbrma- 
tioDS  to  the  marine  deposits  of  that  and  the  preceding  periods.  The 
sketch  offered  bj  the  Professor  of  the  old  land  once  existing  between 
the  Neoeomiaa  sea  of  the  Yorkshire  area  and  that  of  the  Brunswick 
r^on,  opened  oat  many  thoughts  abont  the  rirers  and  marshes  of 
the  old  time,  inhabited  bj  enormoos  DinosaurSj  and  necessarilj  ex- 
tenshre  and  rich  with  animal  and  T^etable  life.  Betnming  towards 
FOej,  Mr.  Strangways  was  able  to  point  oat  a  portion  of  the 
Klmmeridge  Clay  jost  peeping  abore  the  sands.  A  Tisit  to  Filey 
Brigg  completed  the  day's  work.  This  well-known  promontory 
presents  a  most  remarkable  section  of  the  Lower  Calcareous  Grit, 
especially  amongst  the  nameroas  caves  on  the  north  side  of  the 
Carr  Naze.  The  singular  forms,  which  weathering  brings  out 
npon  the  yarious  blocks,  were  a  source  of  endless  speculation  ;  and 
those  remarkable  concretions,  which  the  irreyerent  youth  of  the 
place  describe  as  fossil  cannon  balls,  gaye  rise  to  a  discussion  so 
sharp  as  almost  to  cause  the  Members  to  forget  that  they  had  to 
deal  both  with  tides  and  time  tables,  if  they  wished  to  leave  the 
fascinating  spot.  This  most  successful  excursion  was  brought  to  a 
close  by  a  remarkably  good  dinner,  given  by  6ir  Charles  Strick- 
land, at  the  Pavilion  Hotel,  Scarborough.  Dr.  Lycett,  Mr. 
W.  Woodall,  and  Mr.  Teale  joined  the  party  on  this  occasion. 
Lady  Strickland  received  the  gentlemen  after  dinner. 

On  Saturday  morning  some  of  the  Members  left  early  ;  but  about 
a  score  accompanied  Professor  Morris  and  Mr.  Hudleston  round 
the  Castle  Hill,  where  the  remarkable  faulting  of  that  area  was  ex- 
plained, and  the  general  section  from  the  Kelloway  Hock  to  the 
Coralline  Oolite  pointed  out,  and  correlated,  as  far  as  the  Lower 
Calcareous  Grit  was  concerned,  with  that  at  Filey  Brigg. 
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ORDINARY  MEETING,  November  5th,  1875. 
William  Carrutherb,  Esq.,  F.R.S.,  President,  in  the  Chair. 
The  following  Donations  were  announced  :— 

"  Manual  and  Instructions  for  the  Arctic  Expedition,'*  1875 ; 
from  the  Lords  Commissioucrs  of  the  Admiralty. 

"  Guide  to  Belfast;"  from  the  Belfast  Naturalists'  Field  Cluh. 

"  The  Brighton  Aquarium :  What  it  has  done  for  Science,'*  by 
T.  W.  Wonfor  ;  from  the  Brighton  and  Sussex  Natural  History 
Society. 

"  Treatise  on  Geology,"  by  Professor  Phillips  ;  from  John  Hop- 
kinson,  Esq.,  F.L.S.,  F.G.S. 

'*  Smithsonian  Report  for  1873  ;"  from  the  Smithsonian  Insti- 
tution. 

'*  Catalogue  of  the  Publications  of  the  United  States  Geological 
Survey;"  from  Dr.  T.  V.  Hayden. 

"List  of  Elerations  ....  West  of  the  Mississipi  Riyer;'* 
from  Dr.  T.  V.  Hayden. 

"Birds  of  the  North  West"  [United  States],  by  Elliott 
Cores ;  from  Dr.  T.  V.  Hayden. 

"  Contributions  to  the  Fossil  Flora  of  the  Western  Territories  : 
Part  1,  The  Cretaceous  Flora;"  by  Leo  Lesquereux;  from 
Dr.  T.  V.  Hayden. 

"  The  Geological  Survey  of  Ohio — Reports  on  the  Counties  of 
Tandusky,  Teneca,  Wyandot,  and  Marion,"  by  N.  H.  Winchell; 
from  the  Author. 

«  On  the  Hamilton  in  Ohio,"  by  N.  H.  Winchell ;  from  the 
Author. 

«  Notes  on  the  Drift  Soils  of  Minnesota^"  by  N.  H.  Winchell ; 
from  the  Author. 

"The  Economic  (Jeology  [of  part]  ...  .  of  the  State  of 
Michigan,"  by  N.  H.  Winchell ;  from  the  Author. 

"  The  Glacial  Features  of  Green  Bay  of  Lake  Michigan,"  by 
N.  H.  Winchell ;  from  the  Author. 

"  Annual  Report  of  the  Geological  and  Natural  History  Survey 
of  Minnesota,"  by  N.  H.  Winchell  and  S.  F.  Peckham ;  from  N. 
H.  Winchell. 

"  Report  of  the  Geological  Survey  of  the  State  of  Missouri, 
1874,"  by  Q.  C.  Broadhead ;    from  the  Author. 

V 


ZH^  acYATics^. 


'^Bcsarki  on  tiie  SsdiBksiissrr  F>masson^  of  Xew  SosHi 
Wales,'*  bj  tike  Ber.  W.  B.  CIske:  &oai  \h^  As^or. 

^Hap<yf  ^<v  dOQth  Waks.  Australia:'' £rcan  liie  PnbUshcr. 

^  La  2>>&e  a  BeUmautu  pUmmg"  b  j  M.  Cbaries  Barrois  ;  £pom 
tbe  AnthfiT. 

^  Bor  le  Byuaamihu  Go^meUti^  Pxjgioecome  da  DeTODie&  de 
L'Aidenne,''  bj  3L  C.  Barrok  ;  firom  the  Author. 

^  Qoanerl J  Joanial  of  the  Geological  Sodetj,*'  VoL  xxxL,  Part 
3 ;  from  that  Sodetj. 

^Abftracta  of  the  Proceedings  of  the  Geological  Society  of 
London^^  No.  305 ;  from  that  Societj. 

^Journal  of  the  Qoekett  Mtcroecopical  Clnb^''  No.  29 ;  firom 
thatOab. 

^  TraDsaetions  of  the  Royal  Irish  Academy,'*  VoL  xxir.,  Pari  9 ; 
Vol*  xxT.^  PartA  5  to  19 ;  from  that  Academy. 

'^  ProceediDgs  of  the  Boyal  Irish  Academy,**  Series  2,  VoL  i^ 
Parts  9  and  10 ;  Vol.  ii.,  Parts  1  to  3 ;  from  that  Academy. 

^  Transactions  of  the  Geological  Society  of  Glasgow/'  Vol.  t*, 
Part  1 ;  from  that  Society. 

"  Proceedings  of  the  Liverpool  Geological  Society,"  VoL  iii., 
Part  1 ;  from  that  Society.  < 

"  Transactions  of  the  Watford  Natural  History  Society,"  Vol. 
i.,  Part  1 ;  from  that  Society. 

"  Proceedings  of  the  Bristol  Naturalists*  Society,"  New  Series, 
VoL  i.,  Part  2,  and  Laws  ;  from  that  Society. 

"  Proceedings  of  the  Belfast  Naturalists'  Field  Club,"  New 
Series,  VoL  i.,  Part  1 ;  from  that  Club. 

"  Proceedings  of  the  Berwickshire  Naturalists'  Club,"  VoL  yii., 
Part  2 ;  from  that  Club. 

•*  Annual  Report  of  the  Warwickshire  Natural  History  and 
Archajological  Society  "  for  1874  ;  from  that  Society. 

"  Annual  Report  of  the  Royal  Cornwall  Polytechnic  Society  for 
1874 ;  from  that  Society. 

"Programme  and  Arrangements  of  the  Ninth  Annual  Excur- 
sion of  the  Yorkshire  Archaeological  and  Topographical  Associa- 
tion;*' from  that  Association. 

"Journal  of  the  Society  of  Arts,"  June  to  October,  1875; 
from  that  Society. 
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The  following  were  elected  Members  of  the  Association  :— 

The  Bev.  J.  F.  Blake,  M.A.,  RQ.S. ;  Richard  Mackley  Boome, 
Esq.,  F.G.S.;  F.  H.  Lyell,  Esq.;  W.  H.  Shrubsole, Esq. ;  F.  J. 
Thairlwall,  Esq.,  M.  Wat.  Nat.  His.  Soc. ;  Rev.  William  Tubb. 

The  President  then  delivered  the  Opening  Addbess  of  the 
Session  1875-6,  the  publication  of  which  is  deferred. 


ORDINARY  MEETING,  December  8rd,  1876. 
William  Cabbuthebs,  Esq.,  F.R.S.,  President,  in  the  Chair. 

The  following  Donations  were  announced : — 

"  Quarterly  Journal  of  the  Geological  Society,"  Vol.  zzxi.,Part 
4  ;  from  that  Society. 

<<  Abstracts  of  the  Proceedings  of  the  Geological  Society,"  Nos. 
805  and  806 ;   from  that  Society. 

"  List  of  the  Geological  Society,  1875  ;"  from  that  Society. 

''  Proceedings  of  the  Literary  and  Philosophical  Society  of 
Liverpool,"  No.  29 ;  from  that  Society. 

"  IVoceedings  of  the  South  Wales  Institute  of  Engineers,"  Vol. 
ix.,  No.  3  ;  from  that  Institute. 

'<  Transactions  of  the  Watford  Natural  History  Society,"  Vol.  L, 
Part  2 ;  from  that  Society. 

**  Journal  of  the  Society  of  Arts,  November,  1875  ;"  frpm  that 
Society. 

"  Description  G^ologique  de  la  Craie  de  L'Isle  de  Wight,"  by 
M.  C.  Barrois ;  from  the  Author. 

'*  The  Comrie  Earthquakes,"  by  James  Drummond ;  from 
Hyde  Clarke,  Esq.,  M.A.L 

'*  The  Cretaceous  Rocks  of  England,"  by  J.  Logan  Lobley, 
F.G.S. ;   from  the  Author. 

"  Lecture  on  the  Geology  of  Croydon,"  by  Professor  John 
Morris,  F.G.S. ;  from  the  Author.  , 

"  The  Potton  and  Wicken  Phosphatic  Deposits,"  by  J.  Harris 
Teale,  B.A.,  F.G.S. ;  from  the  Author. 

'^  Guide  to  the  Geology  of  London  and  the  Neighbourhood,"  by 
W.  Whitaker,  B.A.,  F.G.S, ;  from  the  Author. 
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The  following  were  elected  Members  of  the  Association : — 

Mrs.  William  Barber ;  Richard  Davison,  Esq. ;  Miss  E.  G. 
Evans ;  William  Jerome  Harrison^  Esq. ;  Miss  H.  M.  Jones  ;  8. 
W.  Kindersley,  Esq.;  John  Robert  Mortimer,  Esq.;  Frank 
Robarts,  Esq. ;  John  Steriker,  Esq. ;    Richard  Wood,  Esq.,  M.D. 

The  following  Paper  was  read : — 

On  Quartz,  Chalcedony,  Aqate,  Flint,  Chert,  Jasper,  and 
OTHER  Forms  of  Silica  Geologically  Considered. 

By   Professor   T.   Rupert    Jones,    F.R.S.,    Hon.   Member  and 
Vice-President  of  the  Geologists'  Association. 

{Paper  deferred,) 


On  Some  of  the  Causes  which  have  Helped  to  Shapb  the 
Land  on  the  North  Wales  Border. 

By  D.  C.  Davibs,  Esq.,  F.G.S. 

(Bead  July  2nd,  1875). 

To  describe  the  whole  of  the  causes  which  have  contribated  to 
the  final  configuration  of  the  land,  would  be  to  write  the  geologic 
history  of  all  time — to  describe  the  whole  of  the  phenomena  of 
each  geologic  epoch ;  to  recount  all  the  forces  of  depositipn  and 
denudation,  of  elevation  and  depression,  of  the  crumpling  and 
displacement  of  strata,  of  the  action  of  air,  rivers  and  sea  which, 
during  the  piling  up  of  each  great  group  of  strata,  gave  a  con- 
figuration of  its  own  to  the  surface  of  the  land,  before  it  was 
covered  in  its  turn  by  the  deposits  of  the  succeeding  era.  It 
would  also  be  to  trace  the  connection,  and  to  define  the  position, 
of  each  of  these  successive  sets  of  forces  in  the  great  chain  of 
causes  that  stretches  through  the  almost  boundless  expanse  of 
geologic  time. 

The  author's  object  in  this  paper  is  to  seek  to  lay  down  a  few 
general  principles,  and  to  select  from  the  stratification  of  the 
district  under  notice,  an  illustration  of  the  operation  of  each  of 
the  forces  by  which  the  present  surface  of  the  land  has  received 


THE   LAND   ON   THE   NORTH    WALES   BOEDER. 


841 


its  configaration,  and  to  assign  to  each  of  these,  as  nearly  as 
possible,  the  proportion  of  change  dae  to  its  operation. 

By  doing  this,  data  will  be  obtained,  I  think,  by  which  we  may 
discoyer  the  forces  which  have  been  at  work  in  the  saccessive 
periods  of  the  Earth's  history,  and  the  relative  position  each  has 
occupied  in  the  order  of  the  forces  by  which  from  period  to  period, 
the  surface  of  the  land  has  been  shaped. 

Before  I  select  examples  of  the  effects  produced  by  specific 
causes  in  the  district  under  notice,  I  wish  to  offer  a  few  general 
observations  on  the  relation  which  physical  disturbance  bears  to 
denudation,  and  also  to  rock  appearances,  which  are  usually 
assigned  to  denudation  in  its  various  forms. 

Let  A  B,  Fig.  1,  represent  a  group  of  strata  as  they  lie  in  the 
horizontal  position  in  which  they  were  originally  deposited  ;  then 
suppose  that  a  force  acting  from  below,  elevates  the  strata  into 


Fio.  L 


Fio.  S. 


B 


the  curved  position  shewn  in  Fig.  2.  Now,  in  the  process  of 
elevation,  some  or  other  of  the  following  effects  would  bo  pro- 
duced : — 

Ist.  K  the  group  of  strata  were  a  rope  instead,  having  two 
loose  ends,  the  effect  of  the  elevation  of  it  into  a  curve,  or  series 
of  curves,  would  be  to  withdraw  the  ends  from  the  points  A 
and  B  a  distance  which  would  be  commensurate  with  the  amount  of 
the  departure  of  the  rope  from  a  straight  line,  as  in  Fig.  2.  But 
the  extremities  of  a  group  of  strata  are  not  usually  loose,  but  are 
fastened  beneath  the  weight  of  superincumbent  strata.  Therefore, 
if  (2nd)  the  group  of  strata  be  plastic,  and  the  force  be  slow,  it  may 
be  elevated  in  one  unbroken  curve ;    but  wherever  the  group  is 


Fio.  8. 


Fio.  4. 


most  plastic,  or  the  strain  is  the  greatest,  it  would  be  attenuated  in 
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thicbnesa,  as  ia  Fig.  S,  to  make  up  for  the  distftace  wliicli  it 
would  otherwise  be  drawn  in  at  the  ends.  Or  (3rd),  if  Hm 
group  were  bard  and  brittle,  and  the  force,  either  Tertical  or  hori- 
zontal,  were  sndden,  then  a  fractnre,  or  a  seriea  of  fracturee,  most 
of  neoesBitj  take  place.  These  might  take  place  (a),  as  in  fig.  4, 
sway  from  tiie  curve  on  one  or  both  sides  of  it.  The  effect  of  this 
would  be  to  produce  troughs  or  TallejB  in  perfectly  boriaontal 
strata ;  or  (h),  if  weakest,  the  strata  might  crack  in  sereral  places 
orer  the  arc  of  the  ctirve  (Fig.  5) — this  would  give  a  series  of 
small  TBlleys  in  an  eleTat«d  region — or  (c)  one  great  central  crack 


might  result  (Fig,  6j,  producing  a  valley  equal  in  width  to  the 
combined  width  of  the  lesser  cracks ;  or,  even  as  in  Fig.  7, 
giving  a  duplicate  succeesion  of  nearly  vertical  beds  dipping  away 
from  a  centre. 

Supposing  we  are  correct,  thus  far,  then  it  follows ;  1st.  That 
the  valleys  and  gorges  on  the  horizontal  strata  (Pig.  4)  would  not 
be  dne  prmarily  to  erosion  ;  hence  we  may  infer  that  volleys  and 
gorges,  in  apparently  nndisturbed  horizontal  strata,  may  not  be 
necutarily  dne  to  denadiog  and  erosive  action.  2nd.  It  does  not 
follow  that  when  strata  present  the  appearances  shown  in  Fig.  7,  they 
were  necessarily  once  continuous  over  the  whole  curve  shown  by  the 


dotted  line ;  and,  further,  Srd,  that  when  strata  w 
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tinnons,  there  was  an  attennation  or  withdrawal  somewhere  or  other 
eqnal  to  the  difference  in  length  between  a  horizontal  and  a  cnrved 
line.  4th.  It  will  be  seen  that  where,  as  in  a  mountainous  region, 
we  have  a  network  of  valleys,  great  and  small,  the  conforma- 
tion of  these  (Fig.  5)  was  probably  due  to  physical  disturbance, 
which  prepared  the  way  for  streams  and  glaciers  which  would 
perforce  travel  along  the  lines  of  weakest  resistance. 

If  the  foregoing  remarks  appear  trite  and  commonplace,  I  would 
simply  remind  those  to  whom  they  so  appear  how  often  in  geolo- 
gical books  and  papers  these  simple  truisms  of  geological  mechanics 
are  almost  completely  ignored  or  forgotten. 

I  now  proceed  to  select  a  few  examples  from  the  geology  of  the 
North  Wales  Border  of  the  special  causes  which  have  helped 
to  shape  the  surface  of  the  land. 

It  is  a  region  of  great  and  varied  beauty.  Standing  in  the 
north-west  comer  of  Shropshire,  on  the  high  land  about  Ifton  and 
St.  Martin's,  the  spectator  sees,  looking  south,  Breidden  Hill  with 
its  felspathic  ashes  and  traps  rising  abruptly  out  of  the  plain  of 
the  Severn,  up  which  valley  he  looks  to  the  hilly  Gambro> Silurian 
region  about  Welshpool.  Nearer  to  him,  in  the  same  direction,  he 
sees  the  bold  headland  of  Llanymynech  Hill — the  soutbemmost 
point  of  the  belt  of  Carboniferous  Limestone,  which  stretches 
from  thence  northwards  to  the  Irish  Sea.  Still  nearer,  Sweeney 
Mountain  marks  the  southern  termination  of  the  Millstone  Grit, 
which,  in  a  series  of  hills,  partly  covers  the  limestone  belt  all  along 
its  course.  Looking  westward,  a  succession  of  east  and  west 
valleys  afford  glimpses  of  the  limestone  escarpments,  and  beyond 
these  of  the  conical  and  rounded  Silurian  hills,  which  form  the 
frontier  land  of  Wales.  Nearer  to  him,  still  looking  westward,  he 
sees,  stretching  north  and  south  in  chimneys  and  curling  smoke, 
the  line  of  the  outcrop  of  the  Coal  Measures,  which,  dipping  under 
his  feet,  rise  again  to  the  surface  on  the  eastern  side  of  the  Shrop- 
shire plain.  Looking  eastward,  across  that  plain,  he  sees  afar  off 
the  most  Salopian  of  Shropshire  hills,  the  Wrekin,  which,  with  its 
limestones  abutting  against  felstone  porphery,  seems  the  eastern 
counterpart  of  the  western  hill  above  Selattyn.  Nearer,  in  the 
east,  are  the  Keuper  Sandstone  hills  of  Grinshill  and  Hawkstone, 
the  beds  of  which  dip  down  in  a  gentle  curve  until  they  rise  to  the 
surface  ogain  in  Peckforton  Hills  and  Delamere  Forest,  which  are 
seen  in  the  far  north-east  of  the  landscape.     He  should  know  that 
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in  the  trongh  thas  formed  at  the  base  of  the  Maria,  which  lie  on 
the  Reaper  Sandstone,  the  great  salt  deposits  of  England  are 
found.  Thus,  to  the  geologic  eye,  there  are  beanties  andwondeiB 
in  the  landscape  that  the  ordinaiy  admirer  of  scenic  beantj  knows 
notiiing  of. 

It  is  to  some  of  the  monntains,  vallejs,  escarpmenta,  and  rarines, 
which  are  for  the  most  part  within  the  range  of  the  spectstor'a 
vision,  that  I  now  seek  to  draw  special  attention. 

1.  Yallbts  of  Ufheaval. — One  of  the  most  channing  of  the 
Tallejg  that  penetrate  into  the  heart  of  the  Berwyn  MoantMns  in 
that  of  the  rirer  Ceiriog.  For  two  miles  above  the  Tillage  of  Llan- 
e^ntfraid  it  presents  an  admirable  example  of  a  valley  of  npfaeavBl 
(Fig.  8).     Looking  down  it,  from  the  janction   with  it  of  the 


pictnresqne  defile  of  the  Deirw,  one  sees  the  felstonee,  traps,  lime- 
stones, shales,  and  sandstones  of  the  Bala  group  dipping  gentlj 
away  on  either  side  from  the  centre  of  the  valley,  and  dipping  also 
with  corresponding  faces  down  the  valley.  Felstones,  limestones, 
shales,  and  sandstones,  answering  to  each  other  on  either  side — 

They  stand  aloof,  tlie  scars  remaininn, 
Bat  neitlier  tima  nor  frost  nor  thunder 
Will  wholly  do  away,  I  ireen. 
The  marlcB  of  that  which  once  hath  been. 

The  valley  at  this  point,  it  will  be  seen,  mns  along  the  line  of  a 
crack  that  has  been  made  by  the  original  elevation  of  the  strata, 
and  which  crack  has  since  been  widened  by  erosive  power. 

2.  Valleys  of  Depression. — A  f*'"^  example  of  the  way  in  which 
a  ralley  may  extend  along  the  trough  of  synclinal  strata  is  to  be 
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seen  in  the  valley,  or  pass,  of  Porthywaen,  four  miles  8.W.  of  the 
town  of  Oswestry  (Fig.  9).  The  massive  beds  of  Carboniferous 
Limestone  dip  towards  each  other,  and  form  a  trough,  along  which 
the  turnpike  road  from  Llanrhaidr  to  Shrewsbury  is  carried. 
Here,  too,  it  will  be  seen  that  the  natural  bend  in  the  strata  has 
been  supplemented  by  erosive  action. 

8.  Valleys  op  Erosion. — Many  nice  examples  of  these,  on  a 
small  scale,  may  be  seen  in  the  beds  of  the  streams,  which  run  from 
the  high  land  about  Ifton  and  Wynnstay,  into  the  valleys  of  the 
Ceiriog  and  the  Dee.  Fig.  1 0,  is  an  example  of  one  of  these.  Larger 
examples  may  be  seen  in  the  valley  of  the  Dee,  just  below  Llan- 
gollen, where  a  passage  has  been  cut  for  the  river  across  the  beds 


Fio.  10. 

Vftllej  of  Erodon  in  HorUontal 
Strata. 

(Fentre  Qlyn  Morlas.) 


Flo.  IL 

Vallej  along  Escarpment  dne  to  Eniilon  along 
line  of  Junction  between  two  fcmnationa. 

(Craigfturda.) 


Sanditones,  Shales,  Clays  and 
Coals. 

Upper  Coal  Measures. 


CartKmiferons  Limestone  and  MtllstoDe  Grit, 
capped  by  Coal  Measures. 


of  Wenlock  Shale.     The  valley  of  Rhiwarth  above  the  village  of 
Llangynog  may  also  be  another  such  example. 

4.  Valley  eroded  at  the  Foot  of  an  Escarpment — Fig,  11 
represents  the  valley  of  the  Morda,  between  Llawnt  and  Craigforda, 
three  miles  W.N.  W.  of  the  town  of  Oswestry.  On  the  one  side,  there 
is  a  bold  escarpment  of  the  Millstone  Qrit.  From  the  other  side,  the 
Millstone  Grit  has  disappeared,  and  two  or  three  beds  of  the  under- 
lying limestone  are  cut  through,  and  the  little  stream  of  the  Morda 
flows  at  the  bottom. 

6.  Valleys  extending  along  the  line  of  a  Fault. — One  of 
the  most  notable  examples  of  these,  in  North  Wales,  is  the  valley  of 
the  Dee  from  its  source  above  Bala  Lake,  to  the  town  of  Gorwen, 
flowing,  as  the  river  does  there,  along  what  is  known  as  the  Great 
Yale  Fault.  I  select,  however,  as  a  more  compact  example,  the 
same  valley  at  Glyn-dyfr-dwy,  midway  between  Corwen  and 
Llangollen.   As  seen  in  Fig.  12|  there  is  a  well-known  bed  of  Wen- 
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lock  Ehxle,  wlikfa  from  He  ont-^n^  on  the  west,  comes  dipping, 
down  tovsrda  the  bottom  of  the  rillej.    On  the  ast,  hovever,  we 


WcBlock  Sule. 

have  to  lotit  high  up  for  the  same  bed ;  eo  that  we  hare  here, 
eitbera  sharp  faalt,  as  shown  in  the  figure,  or  an  equivalent  elera- 
tion  of  the  etrata  in  some  other  form.  In  the  trough  thus  made 
bj  the  fanlt  or  upthrow  of  the  beds,  the  rallej  with  its  river  ex- 
tends. 

6.  Vallkt  IK  TaoDOH  bbtwebn  two  Faolts. — Fig.  18  repre- 
sents a  section  across  the  valley  of  the  Dee,  above  the  junction  of  the 
river  Ceiriog  with  that  river.  Two  great  east  and  west  faults  which 
pnsh  tbe  ^rbole  structure  of  the  countrj  to  the  soatb  of  the  Dee,  a 
mile  eastwards,  course  down  tbe  valley.  The  Bpace  between  these 
two  faults,  has  been  let  down  as  in  tbe  diagram,  and  tbe  valley  has 
been  worn  in  the  soft  red  ground  lying  between. 

7.  VjkLLET  or  Erosion  or  Deno-  pio.  14. 
CATioH  IN  Soft  Strata,  kookded        ^•^  <•'  e™""  ^  perpMuutoUr 

OH  EITHER  SIDE  BY  UaBD. — Fig.  14  (Cwingw>iMii). 

gives  a  good  illustration  of  one  of 

these,  as  it  is  seen  at  Cwmgwynen, 

four  miles  west  of  the  town  of  Llan- 

fyllin.      On  the  left  is  the  Hirnnnt, 

or  uppermost  limestone  of  the  Bala  ^_  ,  .  ,  . ,  ^ ,  ^ 

Beds.     On  the  right  is  tbe  middle  Wm'''- 1    I '  i '  i 

bed  or  Bala  Limestone  itself.     Be-  ' '  -  -  W 1 1  f ; 

twcen  are  beds  of  soft  shales,  which,         *^"  Limaiont^cimijni- 

with  the  limestones,  are  nearly  perpendicular,  and  in  these  shales 

a  valley  has  been   scooped  out,  which   narrows  upwards  on  the 

north,  and  opens  out  in  the  opposite  direction. 
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8.  Tig.  15,  represents  ut  ancient  rock-ralley  above  tbe  waterfall 
at  Blaeu  Rbiwartb,  above  the  viUag;e  of  Llangynt^  la  the  Berwyn 
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UonntidnB.  This  ancient  valley  has  since  been  filled  up  with  drifted 
matter,  in  which  also,  a  newer  valley  has  been  aabseqnently  scooped 
ont  so  far  as  the  barrier  of  rock  at  the  lower  end  would  allow,  Fig. 
15a,  is  a  longitudinal  section  of  the  same.  The  Bite  of  this  valley 
adjoins  a  mine  worked  by  myself,  and  I  have  proved  its  Btructnre  by 
mining  operations.  The  older  valley,  or  basin,  is  interesting, 
becaose,  situated  as  it  is  in  the  narrow  entrance  to  an  amphitheatre 
among  the  mountains,  into  the  further  end  of  which  several  ravines 
converge,  it  has  seemed  to  me  to  bo  a  good  illastration  of  how,  on 
Profeasor  Ramsay's  theory,  a  lake  may  be  formed  in  the  course  of 
a  glacier,  and  especially,  as  in  this  case,  at  the  confluence  of  several. , 
In  this  rock  valley,  or  basin,  we  also  have  what  appears  to  me  to 
be  an  essential  feature  of  lakes  claimed  to  be  so  formed,  which  is  the 
barrier  of  rock  at  the  lower  end.  Where  that  barrier  is  composed 
of  drift,  the  lake  has  been  cansed  simply  by  the  damming  up  of  the 
stream. 

9.  Small  Faults. — Besides  tho  great  fanlte  thfit  traverse  a 
country,  there  are  uumeroas  groups  of  minor  ones,  which  are  being 
constantly  revealed  by  mining  operations.      In  Fig.  16, 1  give  a 
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represeDtation  of  a  cluster  of  these,  throngh  which  I  have  recentlj 
driyen  a  tannel  in  the  mine  jast  referred  to,  at  the  head  of  the 
Llangynog  valley.  There  are  nine  of  them  within  a  distance  of 
one  hundred  and  twenty  yards.  The  amount  of  the  displacement 
of  the  strata  by  them^  varies  from  twelve  inches  to  twelve  feet. 
They  are  clean  cat  fanlts,  with  cracks  not  more  than  half  an  inch 
wide,  which  are  filled  up  with  soft  felspathic  clay.  They  are  a  pro- 
longation of  the  direction  of  the  valley  which,  as  I  have  before 
said,  appears  to  have  been  worn  ont  of  apparently  undisturbed 
strata,  and  I  mention  them  here  as  indicative  of  the  facility  offered 
by  such  cracks  to  the  denuding  forces  by  which  the  valley  has  been 
scooped  out. 

10.  EscARPMEKTs. — Fig.  17  gives  a  view  of  the  stratification  of 
the  southern  end  of  Eglwseg  Rocks,  near  the  town  of  LlangoUen. 
The  Wenlock  beds  below  present  an  undulating  appearance,  and 
give  one  the  impression  that,  either  by  their  elevation  on  the  right, 
or  by  their  depression  on  the  west,  the  overlying  Carboniferous 
Limestone  has  been  broken,  and  the  way  prepared  for  the  subsequent 
sculpturing  of  the  grand  battlemented  face  of  the  limestone  cliffs, 
that  stretch  away  for  miles  to  the  north. 

11. — In  long  ridges  such  as  this  we  see  one  of  the  first  steps  in 
the  formation  of  a  chain  of  separate  mountains.  The  next  stage 
would  be  the  breaking  up  of  the  continuous  line  of  strata  by  cross 
fractures,  upheavals,  and  depressions,  by  means  of  which  a  long 
line  of  escarpment  becomes  a  series  of  detached,  or  slightly  con- 
nected hills,  which  are  then  ready  for  the  third  and  last  stage  of 
the  process,  the  rounding  and  sculpturing  of  denudation.  Fine 
examples  of  these  various  stages  may  be  seen  from  the  top  of  the 
Oswestry  racecourse  looking  north,  where  successive  ridges  of 
Llandeilo  rocks,  that  were  once  continuous,  have  been  chopped  into 
separate  mountains  and  subsequently  carved  into  cones,  pyramids, 
domes,  and  all  sorts  oT  irregular  and  fantastic  shapes. 

I  might  adduce  many  more  separate  illustraj^ions  of  actual 
stratigraphical  conditions  on  the  North  Wales  Border,  but  the 
foregoing  will  suffice  for  the  present.  I  may  now,  however,  add 
generally  that  in  any  attempt  to  understand  the  causes  which  have 
helped  to  shape  the  land  in  any  district,  note  should  be  taken  of  the 
innumerable  alterations  of  level,  both  general  and  local,  the  crust 
of  the  earth  has  undergone,  and  which,  whether  the  movements 
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were  sadden  or  slow,  or  botb,  must  have  produced  the  most  exten- 
sive, diverse,  and  complicated  gaps,  cracks,  cmmplings,  and  con- 
tortions in  the  earth's  crust  that  we  can  conceive  of,  and  one  result 
of  which  at  least  are  the  numerous  faults  and  dislocations  of  strata 
that  every  quarry,  or  colliery,  or  mining  operation  reveals. 

Nor  should  we  omit  from  our  notice  the  large  amount  of  shrink- 
age which  has  taken  place  in  continuous  strata  by  the  heating, 
cooling,  and  consolidation  of  the  same.  Some  of  the  effects  of  this 
shrinkage  we  see  now  ih  cracks  and  fissures  running  through  a 
series  of  beds  which  are  sometimes,  though  not  always,  filled  with 
mineral  matters  that  differ  from  the  rest  of  the  strata.  Where 
this  injected  or  infiltrated  matter  is  harder  than  the  surrounding 
rocks,  the  result  is  a  dyke  or  ridge.  Where  softer,  it  may,  when  its 
course  slopes  with  the  watershed,  form  the  bed  of  a  stream,  or  of  a 
glacier.  In  any  case  it  presents  a  vertical  gap  for  denuding  forces 
to  act  upon. 

From  the  whole  of  the  foregoing  considerations  it  will  be  in- 
ferred that  the  first  place  in  point  of  the  order  of  tipae  among  the 
agents  which  have  been  at  work  shaping  the  land  must  be  assigned 
to  physical  disturbance.  By  it -the  land  has  been  broken  up,  and 
rough  hewn,  which  process  has,  as  we  have  seen,  in  the  instances 
cited,  been  followed  by  the  ploughing  and  sculpturing  work  of 
denuding  force. 

What,  then,  we  come  now  to  enquire,  has  been  that  denuding, 
disintegrating,  and  erosive  force  by  which  the  land  has  been 
ploughed  into  ridges  and  furrows,  and  cross  ploughed  into  moun- 
tains and  lakes  7  The  simple  answer  is,  water.  Water,  again,  has 
acted  in  different  forms — as  sea,  ice,  rivers,  and  atmospheric  mois- 
ture— and  in  all  these  forms  with  different  degrees  of  intensity  and 
varieties  of  force.  Now,  also,  by  one  form  alone ;  and,  again,  by 
two  or  more  forms  combined.  These  we  will  now  briefly  and 
separately  consider. 

1.  The  Sea. — The  sea  in  its  profound  depths  is  the  conservorof 
the  waste  of  creation,  and  in  its  womb  lie  hidden  the  continents 
of  the  future.  It  can  only  be  destructive  when  its  waters,  being 
shallow,  are  lashed  into  fury  by  storms,  and  where  tidal  waves  ebb 
and  flow  ceaselessly.  But  in  the  innumerable  alterations  of  levels 
which  the  surface  has  undergone,  and  some  of  which  were  slow 
and  indefinitely  prolonged,  every  inch  of  the  land  has  been  brought 
repeatedly  within  the  action  of  this  destructive  phase  of  sea 
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power.  Again  and  agmin  has  the  earth  ^'  stood  in  the  water  and 
out  of  the  water.'*  In  the  district  we  are  conadering  the  moan* 
tains  hare  been  archipelagoa  of  islands.  Thevallejs  hare  been 
inlets  and  arms  of  the  sea,  np  and  down  which  the  tides  ran,  and 
against  the  sides  of  which  the  wares  carled  and  dashed,  as  we  maj 
jndge  from  the  ronnded  hollows  in  the  limestone  cli£k  in  the 
Tallej  of  the  Dee  below  TreTor  Hall,  Llangoll^u  The  sea  has 
washed,  at  almost  everj  degree  of  level,  the  terraces  of  bold 
escarpments,  aroond  isolated  hil]>sides  in  Wales  and  among  the 
lesser  nndolations  of  the  Shropshire  plain.  Thus  ralleys  hare  been 
widened,  barriers  of  rock  which  once  made  each  yalley  a  diain  of 
lakes  hare  been  broken  down,  hill-sides  have  been  terraced,  and  the 
long  lines  of  inland  cliffs  hare  been  broadly  marked  by  the  actaon 
of  the  sea. 

Ice. — Water  congealed  has  also  done  its  share  of  the  work, 
llany  geologists  lay  g^eat  stress  upon  the  work  wrought  by  the 
thick  covering  of  ice  that,  doring  one  or  more  periods,  in  Glacial 
times,  covered  a  g^eat  part  of  the  northern  hemisphere.  Tet  we 
mnst  not  seek  to  attribute  to  this  ice-cap  effects  which  are  con- 
trary to  the  first  principles  of  mechanical  geology.  Ice  thawing, 
ice  moving,  ice  in  glaciers  on  land  and  floes  on  sea,  may  accom- 
plish wonders ;  bnt  ice  quiescent,  daring  its  accumulation  and  con- 
tinuance on  land  and  sea,  could  not  be  other  than  a  restraining  force. 
During  its  reign  the  changeful  forces  of  nature  might  well  have 
said — **  Now  is  the  winter  of  our  discontent." 

When,  too,  this  winter  began  to  pass  away,-  and  the  land  ice, 
thawing  and  loosening,  began  to  travel,  it  could  only,  as  it  seems  to 
me,  travel  whither  its  own  gravitation  led  it ;  except,  indeed, 
where  this  law  was  reversed,  when  the  loose  ice,  sliding  down  a 
longer  slope,  was  pushed  by  the  greater  weight  of  the  ice  on  such 
slope  up  one  of  less  length  and  height.  The  mechanics  are  to  me 
inexplicable  by  which  it  is  supposed  that  such  land  ice  travelled 
hitlier  and  thither  of  its  own  sweet  will,  utterly  unmindful  of  those 
laws  of  force  by  which  other  agents  are  bound  and  governed.  Its 
general  effect  when  thus  thawing  and  moving  would  be  a  planing — 
a  levelling  operation,  by  which  the  high  points  and  protuberances 
of  the  land  would  be  ground  down. 

It  is  to  ice  in  the  form  of  glaciers,  at  a  period  of  less  intense 
cold,  and,  possibly,  of  alternating  climate,  that  we  must  look  for 
the  scooping  out  of  the  valleys  that  run  and  narrow  upwards 
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towards  the  summits  of  onr  mountaiQ  chains  ;  like  those  I  have 
instanced  in  the  Berwyn  Mountains.  It  is  also  to  ice  in  floes  and 
bergs,  which,  in  an  alternating  climate,  broke  off  from  glaciers 
that  came  down  to  the  sea ;  to  ice  splitting  up  rocks  on  the  coast, 
and  up  arms  of  the  sea ;  to  ice,  again,  fastening  these  and  carry- 
ing them  away  from  the  land,  that  we  must  chiefly  look  as  the 
source  of  the  ridges  and  rounded  hillocks  of  drift  that  flank  the 
frontier  hills  of  Wales,  and  which  have  accumulated  at  the  mouths 
of  the  valleys. 

Water  in  Bivers  and  Streams. — These,  also,  have  had  their 
share  in  shaping  the  surface  of  the  land.  They  have  drawn  the 
delicate  lines  of  the  beauty  of  the  landscape  which  we're  too  fine 
for  the  touch  of  the  rougher  forces  just  referred  to.  To  do  a  great 
work  a  river  must  have  length  and  force.  Its  work  is  slow,  as  may 
be  inferred  from  the  fact  that,  as  in  Figs.  15  and  15a,  a  rough 
mountain  stream  has  not,  since  the  last  elevation  of  the  land,  worn 
its  way  through  the  Drift  that  fills  up  a  more  ancient  valley.  Some 
of  the  most  potent  effects  of  the  erosive  power  of  streams  are  to 
be  seen  in  ravines  of  which  Fig.  10  is  a  sample. 

Water  in  the  atmosphere  has  given  the  finishing  touches  to 
the  landscape — softness  of  outline ;  rounded  hill-tops  and  graceful 
undulations  are  the  slow  effects  of  the  disintegrating  power  of 
atmospheric  moisture,  helped,  as  this  has  been,  by  constant  varia- 
tions in  temperature,  with  constantly-recurring  frosts.  One  thing 
should  always  be  borne  in  mind  when  we  attempt  to  estimate  the 
extent  of  atmospheric  waste,  which  is  this  :  the  longer  it  is  con- 
tinued, the  more  does  it  check  its  own  progress,  and  diminish  its 
own  power,  by  covering  the  land  virith  vegetation,  through  which  it 
can  hardly  act  upon  the  underlying  substances. 

It  is  an  open  question  whether  there  is  evidence  in  geological 
phenomena  of  an  earlier  period  of  cold  so  intense,  and  especially  of 
such  duration,  as  that  which  we  distinctively  term  Glacial.  With 
this  exception,  if  it  be  one,  the  causes  I  have  enumerated  have 
been  at  work  through  all  times,  stripping  off  the  geological  groups 
of  strata  that  now  make  up  the  surface,  other  groups  which  once 
covered  them.  They  acted  then,  as  they  have  done  more  recently, 
separately,  and  also  in  varying  degrees  of  combination.  Some  of 
our  mountains  and  valleys  may  still  preserve  the  outline  of  a  very 
ancient  configuration ;  but  many  of  the  features  of  the  landscape 
have  been  sculptured  in  times  which,  geologically,  may  be  con« 
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sidered  recent,  though  they  are  still  mcalcnlably  far  from  the 
possibility  of  human  computation. 

The  contemplation  of  a  locality  like  this,  occupied  as  it  is  chiefly 
by  the  older  rocks,  serves  to  show  the  combined  and  inter-dependent 
action  of  all  the  forces  described — ^rents,  upheavals,  subsidences, 
denudation  and  erosion,  both  atmospheric  and  marine,  which  have 
helped  to  shape  the  surface  of  the  land.  We  are  thus  reminded  that 
there  is  no  need  for  us,  in  that  spirit  of  favouritism  which  so  surely 
indicates  the  limitation  of  our  powers,  to  exalt  the  action  of  one 
set  of  forces  at  the  expense  of  all  the  rest ;  to  unnecessarily  borrow 
from  infinite  periods  of  time  what  force  may  give,  or  to  intensify 
force  in  order  to  economise  time.  It  is  nothing  to  us,  whether  a 
certain  effect  was  produced  in  sixty  thousand  or  in  sixty  million  of 
years,  only  so  far  as  we  can  discover  the  truth.  Especially,  there- 
fore, is  it  unseemly,  when  men  of  science  call  each  other  names,  as 
Uniformitarians  and  Gataclysmists,  as  they  separately  plead  for  a 
place  in  the  great  chain  of  forces  for  those  agents  whose  properties 
they  have  more  closely  studied. 

We  should  strive,  in  the  spirit  of  a  wise  and  reverent  philosophy, 
to  survey  the  whole  array  of  forces,  and  to  assign  to  each  its  true 
position,  and  proper  work  in  the  ever- unfolding  plan  of  the  infinite 
ages.  Remembering  that  if  the  advent  and  existence  of  man  on  the 
earth  is  not  an  accident  of,  but  an  integral  part  of,  that  plan,  it  is 
more  than  probable  that  the  various  forces  here  described  would 
■  work  with  greater  intensity  during  the  work  of  preparation,  than 
would  be  either  wise  or  convenient,  if  continued  during  the  period 
of  his  occupation  and  residence. 
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In  a  previoTis  paper  an  attempt  was  made  to  exhibit  the 
sequence  of  the  rocks  referred  to  the  Lower  Oolites,  as  they 
occur  in  North-east  Yorkshire ;  commencing  with  the  Dogger,  and 
terminating  with  the  Gombrash,  which  is  nsuallj  deemed  the  highest 
member  of  this  sab-division.  In  this  paper,  therefore,  I  shall 
endeavour  to  describe  the  sequence  of  the  beds  of  Oolitic  age,  as 
they  occur  in  North-east  Yorkshire,  from  above  the  top  of  the 
Cornbrash,  as  far  as  the  lower  portions  of  the  Kimmeridge  Clay, 
or  rather  into  the  8upra- Coralline  formations  more  immediately 
succeeding  the  Coral  Bag. 

On  the  coast,  where  of  course  the  sequence  of  the  beds  is  more 

easily  noted   than   in   the   interior,   no   stratigraphical   break   is 

observed  between  the  top  of  the  Cornbrash,  and  the  beds  which 

form  the  base  of  the  Middle  Oolites.     Indeed,  if  we  are  to  accept 

the  coast  section  as  our  guide,  there  is  no  very  marked  physical 

break,  other  than  what  might  result  from  a  change  of  sediment, 

between  the  top  of  the  Cornbrash  at  Scarborough,  and  the  base 

of  the  Coralline  Oolite  of  Filey  Brigg,  beyond  which  point  the 

Oolites  cannot  be  traced  along  the  coast^  except  so  far  as  they 

may  be  represented  by  the  lower  portions  of  the  Speeton  Clay  of 

Filey  Bay.     Inland,  however,  the  conformable  sequence  can  be 

traced  much  higher,  as  will  be  seen  when  we  come  to  treat  of  the 

very  remarkable  section  at  Pickering. 

w 
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The  mb-diTMioDS  with  whidi  we  hare  to  deml,  aeceptmg  for  the 
■MMi  part  the  names  alreadj  in  ose.  are,  in  ascending  order : — 

1.  The  Shales  with  Arkula  ickimata, 

2.  The  K^owi^  Bock. 

3.  The  Oxford  Claj. 

4.  The  Lower  Cakareons  Grit^ 

5.  The  Coralline  Oolite. 

6.  The  Sniffa-Coralline  beds. 

These  snb-^irisionSy  it  wiU  be  at  once  perceiTed,  are  of  Tery 
nneqoal  ralne,  and  are  petrological  rather  than  paUeontological. 

No.  1. — Ths  Shalks  with  Avicula  echinata. — These  might  be 
claimed  as  belonging  to  the  Combrash,  and,  therefore,  to  the 
Lower  Oolites.  The  fossils,  being  in  a  poor  state  of  preserraticm, 
bare  not  excited  mach  interest,  and,  therefore,  there  is  no  yeiy 
reliable  data  upon  which  to  proceed.  These  shales  vary  from 
about  8ft.  to  aboat  15ft.  in  thickness ;  the  included  remains  seem 
to  be  related,  in  the  lower  portions,  to  the  Combrash,  whilst  the 
tipper  portions,  especiaUy  in  one  locality,  present  certain  afi&nities 
with  the  Oxfordian  fauna. 

No.  2. — The  Kkllowat  Rock  constitutes  an  important  sub- 
dirision  of  the  Middle  Oolites,  both  on  the  coast  and  in  the  in- 
terior. This  formation  is  well  exhibited  at  Scarborough,  where, 
when  all  seen,  it  is  about  80ft.  thick.  Proceeding  south-eastwards 
along  the  coast,  we  again  catch  glimpses  of  it  in  various  places, 
and  last  of  all  in  the  cliffs  of  Qristhorpe  Bay,  where,  at  a  place 
called  Newbiggin  Wyke,  it  finally  sinks  beneath  the  sea,  being 
reduced  in  thickness  to  5ft. 

Along  its  outcrop,  westwards  from  Scarborough,  the  Kelloway 
Bock  assumes  considerable  stratigraphical  importance,  and  may 
be  traced,  as  a  strong  belt  of  indurated  sandstone,  right  across  the 
country,  occupying  the  base  of  the  great  escarpment  which  ter- 
minates the  Tabular  Bange  towards  the  north.  In  Newtondale,  it 
forms  a  second  precipice,  conformable  to  the  steep  face  of  the  Lower 
Calcareous  Grit ;  and  doubtless  it  is  to  be  met  with  westwards 
from  this  again,  as  it  is  found  in  great  force  at  the  base  of  Roulston 
Bear,  which  overlooks  the  great  central  plain  of  Yorkshire.  In 
the  Ilowardian  Hills,  the  position  and  development  of  this  rock  is 
not  easily  made  out;  but  it  seems  to  have  lost  the  petrological  im- 
portance which  marks  its  outcrop  in  the  Tabular  Bange. 
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No.  8. — The  Oxford  Clay. — The  upper  part  of  tbe  last  for- 
mation is  hard  and  irony,  and  very  full  of  fossils.  Upon  it  rests 
a  thick  formation  of  sandy  clay,  which,  in  its  lower  portion,  con- 
tains a  considerable  amount  of  organic  remains,  with  the  same 
belemnites,  and  some  of  the  same  ammonites,  as  that  on  which  it 
rests.  Hence  the  separation  of  the  two  is  more  petrological  than 
biological,  though  of  course,  as  physical  differences  began  to 
prevail,  a  corresponding  change  in  the  fauna  might  be  expected  to 
take  place.  On  the  coast,  tbe  Oxford  Clay  is  first  seen  at  Scar- 
borough, and  is  then,  like  its  base,  the  Kelloway  Rock,  lost  sight 
of  for  a  while,  or  only  partially  seen  in  consequence  of  the  dis- 
locations which  have  prevailed  hereabouts.  But  it  reappears  in 
great  force  in  Cayton  Bay,  and  thence  forms  the  bulk  of  the  cliff 
to  within  a  short  distance  of  Filey  Brigg,  where  the  deep  water 
to  the  north  of  that  prominent  ledge  occupies  a  hollow  which  has 
been  excavated  out  of  its  upper  beds. 

Along  its  outcrop,  westwards  from  Scarborough,  the  Oxford 
Clay,  usually  about  180ft  *  thick,  forms  for  the  most  part  the 
slope  of  the  northern  escarpment  of  the  Tabular  Range  with  the 
terrace  of  Kelloway  Rock  below,  and  that  of  the  Lower  Calcareous 
Grit  above.  West  of  Newtondale,  it  seems  to  be  more  irregular, 
and  then  to  become  thin  and  partially  replaced,  before  reaching 
the  great  western  escarpment  of  the  Hambletons,  where 
Phillipsf  states  it  to  be  only  80ft.  thick.  Like  most  of  the 
more  mechanically-formed  deposits,  it  has  usually  but  moderate 
proportions  in  the  Howardian  Hills,  but  this  is  not  always  the  case. 
For  as  we  begin  to  follow  the  elbow  of  the  long  ellipse  described 
by  each  formation  in  turn  round  the  Vale  of  Pickering,  we  find 
the  Oxford  Clay  in  very  considerable  force  at  Ampleforth,  in  the 
valley  which  communicates  with  the  central  plain  of  Yorkshire  by 
the  gap  at  Coxwold.  This  valley,  through  which  the  Thirsk  and 
Malton  Railway  runs,  has  been  mainly  excavated  out  of  the  Oxford 

*  This  is  probably  a  full  estimate.  Its  separation  from  the  lower  portion 
of  the  overlying  CaJcareons  Grit,  can,  in  many  cases,  be  only  indicated  by 
springs ;  and  as  the  division  in  most  places  is  by  no  means  sharp,  Ihe 
estimate  may  vary  somewhat,  according  to  the  accidents  of  the  locality. 
Further  west,  the  thickness  is  much  less ;  and  subject  to  occasional  local 
exceptions,  it  may  be  stated  generally  that  the  so-called  "  Oxford  Clay  "  of 
Yorkshire  thickens  to  the  S.E.,  and  thins  to  the  N.W.  of  the  Oolitic  area, 
being  in  this  respect  exactly  the  reverse  of  the  so-called  "  Kelloway  Rock." 
By  this  means  a  kind  of  compensation  is  established,  and  the  thickness  of 
the  imited  formations  are  pretty  nearly  the  same  at  either  extremity. 

t  Quart.  Joum.  Geol.  Soc,  YoL  xiv.,  p.  9L 
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Clay,  which  here,  again,  seems  to  attain  dimensions  ahnost  equal 
to  those  observed  on  the  coast ;  but  the  district  where  the  Tabular 
Range  and  the  Howardian  Hills  converge  is  one  very  difficult  to 
understand,  and  must  be  faulted  not  a  little.  From  Ampleforth 
the  low  ground  is  probably  kept  by  Oxford  Clay  as  far  as  where 
this  valley  debouches  into  the  Vale  of  Pickering  itself,  but  the  out- 
crop, now  facing  S.S.W.,  instead  of  north,  must  be  sought  in 
the  heart  of  the  Howardian  Hills  by  Wiganthorpe,  Castle  Howard, 
and  Hutton  Banks,  at  which  latter  place  the  Oxford  Clay  is 
probably  70ft.  thick. 

No.  4. — The  Lower  Calcareous  Grit. — There  is  no  very 
well-marked  division  between  this  and  the  last  formation.  The 
upper  beds  of  the  Oxford  Clay  become  gradually  more  sandy. 
They  are  also  extremely  poor  in  organic  remains  ;  so  that  it  may 
be  said,  speaking  principally  of  the  coast  section,  that  there  are 
many  feet  of  beds,  sandy  clays  for  the  most  part,  which  form  a 
sort  of  palaeontological  vacuum  much  abhorred  by  the  collector. 
Where  the  beds  harden,  the  more  typical  Lower  Calcareous  Grit 
commences.  Li  the  interior  the  separation  may  generally  be 
traced  by  the  increased  steepness  of  the  slope,  and  often  by  the 
throwing  out  of  water.  On  the  coast  the  rock  is  observed  to 
assume  a  yellower  tint,  and  finally  presents  a  mural  cap  of  hard 
yellow  rock,  which  forms  a  fine  contrast  to  the  slaty  hue  of  the 
beds  below.  On  the  dip,  or  coast  section,  it  is  subject  to  the  same 
vicissitudes  as  the  Oxford  Clay.  Usual  thickness  about  80  feet. 
The  localities  quoted  for  the  last-named  formation  may  in  many 
cases  also  be  noted  for  this.  It  is  frequently  observed  to  cap  the 
summits  of  the  Tabular  Range,  especially  its  eastern  portion,  and 
may  be  noted,  amongst  the  Howardian  Hills,  in  Hovingham  and 
Castle  Howard  Parks,  and  at  Hutton  Banks  and  Birdsall ;  also 
between  Leavening  and  Acklam. 

The  upper  beds  are  more  variable  and  also  far  more  fossiliferous. 
Shelly  and  sub-oolitic  limestones  are  often  met  with,  alternating 
with  sub-calcareous  sandstones,  the  former  predominating  as  we 
ascend.  Thus  the  same  difficulty  again  occurs,  as  at  the  base  of 
the  series,  in  separating  it  from  the  next  formation. 

No.  5. — The  Coralline  Oolite.* — Though  nowhere  exceed* 

•  The  term  Coralline  Oolite  is  here  used  to  inclnde  both  the  Coral  Rag 
and  the  oolitic  limestones,  which,  in  Yorkshire,  usually  succeed  the  ex- 
ti-emelj  variable  series  of  beds  occurring  towards  the  upper  part  of  the 
Lower  Calcareous  Grit.    These  oolitic  limestones  may  be  termed  the  lower 
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ing  A  thidmegj  of  70  feei,  nnless  we  inclade  s  portion  nsnmny 
alloted  to  the  preceding  fomuttion^  tliis  is  by  fmr  the  most  im- 
portant ind  interesting  member  of  the  Middle  Oolites,  so  much 
•0|  that  a  more  detailed  account  of  its  topography  is  neoessaij,  in 
Older  to  make  subseqoent  remarks  intelligible. 

It  will  be  remembered  that  in  Part  L  of  this  commnnication  ( YoL 
iii.,  p.  2d6)  a  short  outline  of  the  physical  geography  of  the  region  of 
the  Middle  Oolites  was  gi^en.  At  page  287,  Fig.  1  is  intended  to 
represent  the  general  stmctare  of  the  Tabnlar  Hills ;  in  that  figure 
the  Coralline  Oolite  is  shown  as  a  fringe  of  rock  skirting  the 
southern  declivity  of  the  range.  If  now  we  tarn  to  Fig.  8, 
which  is  a  sketch  map  of  the  country  surrounding  the  Yale  of 
Pickering,  we  shall  find  that  Seamer  Station  (x  of  the  diag'ram 
Fig.  1),  is  on  the  edge  of  that  vale  which  is  here  approaching  its 
eastern  termination.  It  is  along  this  edge,  then,  starting  from 
Filey  Brigg,  and  proceeding  through  Seamer,  Ayton,  Pickeringi 
&c,f  that  we  find  the  best  displays  of  Coralline  Oolite  on  this  side 
of  the  yale.  But  the  rock  creeps  much  higher  up  the  slope  as  we 
proceed  westward,  and  also  increases  in  thickness  and  general 
dcTelopment,  at  least  as  far  as  the  neighbourhood  of  Pickering, 
where  it  begins  to  be  much  covered  up  by  Supra-Coralline  beds. 

Continuing  the  circuit  of  the  vale,  we  have  the  Coralline  Oolite 
curving  round  by  Hclmsley  and  Ampleforth  Beacon,*  at  which  latter 
place  it  attains  a  height  of  700ft.,  and  so  back  by  Oswaldkirk  and 
Hovingham,  to  Malton.  The  three  latter  places  are  on  the  south 
side  of  the  great  vale,  and  associated  more  or  less  with  the 
Howardian  system.  At  Malton  there  is  a  complete  gap  in  this 
inner  rim  of  Coralline  Oolite,  caused  probably  by  the  very  great 
faults  which  occur  there.  The  Oolites  and  Rag-beds,  however, 
soon  regain  the  surface,  and  are  continued,  by  the  high  ground  of 
Langton  Wold,  right  undemeatli  the  Chalk  escarpment  at  North 
Grimston,  where,  singularly  enough,  just  before  it  disappears,  the 

iub-division  of  the  Corallixie  Oolite,  or  Coralline  Oolite  proper,  in  contra- 
distinction  to  the  very  different  overlying  Coral  Bag.  This  latter  has  a 
different  fauna,  duo  in  a  great  measure  to  different  phjsical  conditions,  and 
preficntB  also  a  marked  contrast,  in  appearance,  to  the  Coralline  Oolite. 
Speaking  generally,  the  lower  division  of  the  Coralline  Oolite,  using 
that  term  in  its  more  comprehensive  sense,  is  as  devoid  of  coral  as 
the  upper  division  is  poor  in  oolitic  structure.  Hence  the  necessity  for 
drawing  some  slight  line  of  division  between  two  series  of  beds,  which, 
though  linked  together  by  many  ties,  present  such  a  strong  contrast  both  in 
their  biological  and  lithological  aspects. 
*  About  the  western  extremity  of  the  map,  K.W.  of  Oswaldkirk. 
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Coralline  Oolite  attains  its  greatest  eloyation  in  the  Howardian 
system  proper,  viz.,  370ft.  Here  also  it  exhibits  a  thickness,  and 
general  development  of  its  upper  division,  not  known  elsewhere  in 
Yorkshire.  At  the  point  where  the  Coralline  limestones  of  North 
Grimston  Hill  pass  under  the  Chalk,  the  unconformity  is  so  con- 
siderable, that  these  limestones  are  here  within  about  dOft.  of  the 
base  of  the  Chalk,  near  Grimston  Hill  House,  there  being  only  a 
narrow  belt  of  clay  intervening.  The  post-Coralline  (Kinmieridge) 
clay  series  seems  nipped  out  altogether,  though  well -developed  in 
Burdale  to  the  South,  and  of  prodigious  thickness  in  the  yale 
towards  Malton.  This  North  Grimston  Hill  is  a  continuation, 
though  at  slightly  increased  elevation,  of  the  Coral  Rag  ridge  of 
Langton  Wold.  The  ridge  is  cut  well  down  into  the  Lower 
Calcareous  Grit  by  the  little  gorge  through  which  the  drainage  of 
Burdale  escapes  at  the  village  of  North  Grimston,  200ft.  above  the 
sea  level. 

The  Oolite  of  Scarborough  Castle  Hill,  is  an  outlier,  consisting 
of  inferior  beds,  which  cap  the  Lower  Calcareous  Grit.  There 
is  another  outlier  on  the  plateau  above  Hackness.  The  lime- 
stones of  Silpho  and  Suffield  in  this  outlier  belong,  in  their  lower 
part,  most  probably  to  the  series  of  the  Lower  Calcareous  Grit ; 
that  is  to  say,  they  represent  beds,  which,  in  the  majority  of  in- 
stances, and  in  typical  sections,  such  as  Scarborough  Castle  Hill^ 
are  usually  referred  to  that  sub-division  of  the  Middle  OoliteB. 
Still  there  is  something  exceptional  about  them,  inasmuch  as  thej 
contain  corals,  which  almost  assume  the  proportions  of  a  reef. 
There  is  another  coral-bed  higher  in  the  series,  as  developed  in 
the  Hackness  outlier,  which  may  possibly  represent  the  upper,  or 
"  Rag,"  section  of  the  Coralline  Oolite.* 

No.  6. — The  Supra-Coralline  Beds. — This  is  an  exhaustive 
division  intended  to  include  such  portions  of  the  beds  above  the 
Coralline  Oolite,f  as  are  found,  either  naturally  resting  upon  it, 
or  in  some  way  or  other  connected  with  the  upper  part  of 
the  formation.  It  includes,  for  instance,  the  Calcareous  Grit 
of    Pickering,    Rirkby    Moorside,    and    Nunnington,   overlying 

*  These  beds,  althongh  probably  belonging  in  a  great  measure  to  the 
Lower  Calcareous  Grit,  will  be  treated  in  detail  in  Part  ii,  Section  2,  under 
the  head  of  Coralline  Oolite. 

t  The  term  is  here  used  in  its  more  comprehensive  sense,  and  includes 
the  Coral  Bag. 
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the  Coralline  Oolite,  as  well  as  the  carious  argillo-calcareons  beds, 
locally  termed  "  Throstler,"  which  are  so  conspicuous  at  Picker- 
ing, and  still  more  at  North  Grimston,  where,  however,  they  are 
called  Lias.  Immediately  succeeding  these,  in  all  probability,  is 
the  Ammonites  mutabilis  zone  of  the  Kimmeridge  Clay.  In  the 
Howardian  Hills  this  succession  is  very  well  made  out,  both  at 
Hildenley,  and  at  North  Grimston.  At  the  former  place  the  Hilden- 
ley  limestone,  which  is  in  that  locality  the  equivalent  of  the  Coral 
Rag,  occupies  high  ground,  and  dips  rapidly  down  the  hill  towards 
the  Hall.*  In  the  direction  of  the  dip  this  limestone  is  succeeded 
by  "  Throstler,"  which  has  been  proved  in  the  garden,  and  beyond 
this,  still  in  the  direction  of  the  dip,  is  Sir  Charles  Strickland's 
brickyard,  where  Ammonites  mutdbiliSy  Ostrea  deltotdea,  Avicula 
cedilignensiSy  Blake,  and  many  highly  characteristic  Kimmeridge 
Clay  fossils  are  abundant ;  the  clay  is  also  extremely  seleniferoos. 
The  connection  between  this  exposure  of  Kimmeridge  Clay  and 
that  at  Maltonis,  at  present,  only  a  matter  of  inference.  At  North 
Grimston  the  sequence  is  precisely  the  same  :  the  North  Grimston 
limestone,  or  equivalent  of  the  Coral  Rag,  is  followed  on  the  dip 
by  the  "cement-stone,"  or  **Throstler,"  which  latter  underlies  the 
Kimmeridge  Clay  of  Lord  Middleton's  brickyard.  The  rela- 
tion of  these  clays  to  the  Middle  Oolites  of  the  region  generally 
involves  such  intricate  questions,  both  with  regard  to  original  de- 
position, and  subsequent  stratigraphical  arrangement,  that  we 
must  wait  till  the  Surveyor  has  pronounced  his  decision  on  the 
matter. 

Section  1. 
In  this  section  it  is  proposed  to  deal  in  detail  with  The  Shales 
WITH  Avicula  echinata,  The  Kellowat  Rock,  The  Oxford 
Clay,  and  The  Lower  Calcareous  Grit.  The  consideration  of 
the  Coralline  Oolite,  Coral  Rag,  and  Supra-Coralline  beds  must  be 
reserved  for  a  subsequent  communication. 

The  Shales  with  Avicula  echinata. — These  Shales  antici- 
pate, to  a  certain  extent,  the  physical  conditions  of  the  Oxford 
Clay,  interrupted  for  a  time  by  tbe  great  arenaceous  deposit  which 
intervenes.  Considering  the  remarkable  south-easterly  attenuation 
of  the  overlying  formation,  the  Shales  are  pretty  uniform.  At 
Scarborough  the  thickness  is  from  12  feet  to  15  feet;    in  Newton- 

*  For  this,  and  for  mucli  other  information,  I  am  greatlj  indebted  to  Sir 
Charles  Striokland. 
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dale,  10  feet.  In  the  Hambleton  escarpment  argillaceous  beds  are 
mentioned  by  Phillips*  as  occurring  there  at  the  base  of  the 
Kelloway  Rock,  so  that  the  formation  appears  to  maintain  itself  to 
the  westward. 

Tracing  the  Kelloway  Rock  along  the  dip  into  Oristhorpe  Bay, 
we  find,  in  the  cliff  at  Constone  Nab,  just  before  reaching  the 
great  landslip,  the  following  section,  in  descending  order  :^ 

Drift,  Calcareous  Grit,  and  Oxford  Clay  (about) 
Kelloway  Bock,  fossfliferoTis  bed  atop  wanting 

Blue  Shales        )  ^^^^  echinata  Shales 

Botten  Shale       i 

Impure  ferruginous  limestone  (Combrash)   ...         i 

Clays,  &o.,  of  the  Upper  Shale  and  Sandstone  (about)^  45 


FT. 

IN. 

210 

0 

4 

8 

9 

0 

1 

0 

1 

0 

45 

0 

270 

8 

A  little  further  round  the  comer,  at  Newbiggin  Wyke,  where  the 
Combrash  and  Kelloway  Rock,  as  two  little  irony  reefs,  are  lost  on 
their  dip  beneath  low-water  mark,  we  have  the  following  section 
on  the  Scar : — 

IT.     IN. 

1.  Hard    ferruginous   Sandstone,  very   irony  atop,)      .     ^ 

contains  Belemnites  Qweniif  &o i 

2.  Fossiliferous,  Sandy,  and  Marly  Mudstone 2  6 

S.  Blue  Shales        ...        ...         ...         ...        ...         ...  8  0 

4.  Combrash  ..,         ...         ...         ...         ...         ...  1  0 

No.  1  in  this  section  is  the  Kelloway  Sandstone.  It  is  rather 
doubtful  where  to  refer  No.  2.  Just  below  the  hard  reef  rock  we 
perceive  masses  of  carbonised  wood,  leaves  of  Zamia,  ammonites 
(not  in  good  preservation,  but  probably  belonging  to  the  A,  omatus 
group),  and  masses  of  Belemnites  Owenii,  of  all  ages  and  sizes,  stuck 
athwart  each  other  like  so  many  worms  in  the  slippery  mudstone. 
Palaeontologically  this  must  be  referred  to  the  Kelloway  formation, 
as  that  is  understood  in  Yorkshire.  No.  3  at  this  place  consists  of 
grey  sandy  shales,  with  abundance  of  Amcula  echinata  in  the  upper 
part  Avicula  echinata  also  occurs  in  No.  2.  Towards  the  middle 
of  No.  3,  I  found  Cardium  sp.,  Tancredia  curtanaata^  and  a 
moderate -sized  clavellate  Trigonia. 

From  the  above  section  it  would  seem  that  at  this  point  there 
is  a  sort  of  inosculation  of  the  *^  ilvtcuZa-shales  "  with  the  Kello- 

*  0pp.  dt.,  page  865. 
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way  group,  notwithstanding  the  general  resemblance  of  their 
fauna  to  that  of  the  Combrash.  They  are,  of  course,  sonoiewhere 
on  the  boundary  line  between  the  Middle  and  Lower  Oolites,  as 
that  line  is  drawn  by  English  Geologists.  If  the  series  could  be 
traced  a  mile  or  two  further  in  a  south-easterly  direction,  it  would 
most  likely  be  found  in  immediate  contact  with  the  Oxford  Clay,  the 
intervening  arenaceous  beds  having  entirely  disappeared.  In  north- 
west Germany,  where  a  line  of  Jurassic  rocks  stretches  over  a 
meridian  of  160  miles  from  the  Elbe  to  the  Ems,  these  beds  may  be 
represented  by  the  ^'  Sandy-shales  "  containing  Avtcula  eckinata^ 
which  lie  between  the  sandy  and  ferruginous  limestones  represent- 
ing our  Combrash,  and  the  building  sandstone  containing  the 
A.  macrocephalu8-hed8.  These  "  Avicula  €cAtnate-beds"  of  Ger- 
many are  stated  by  Yon  Seebach  to  be  from  20  feet  to  25  feet 
thick  at  the  Porta  Westphalica  ;*  and,  precisely  as  we  find  to  be  the 
usual  case  on  the  Yorkshire  coast,  they  are  not  sharply  divided  off 
from  the  building  sandstone  of  the  A,  macrocephalus^heds.  Yet  it 
is  here  that  Yon  Seebach  appears  to  draw  the  line  between  the 
Middle  and  Upper  Jura ;  whilst  Dr.  Brauns  extends  that  line  to 
the  top  of  the  Omatenthone,  which  have  their  Yorkshire  equivalents 
in  the  very  highest  part  of  the  Kelloway  Rock  of  Scarborough. 

A  few  fossils  were  obtained  for  me  from  some  grey  marly 
shales,  but  mixed  with  others  evidently  from  a  Combrash  matrix. 
Those  from  the  grey  marly  shales,  though  flattened  and  difficult  to 
recognise,  appear  to  belong  to  the  following  genera  and  species : — 

Ammonites— Ribbed  fragment.       Modiola  cuneata,  Sow, 

Grjphsea — young  of.  Fholadomja,  sp. 

Peoton  lens,  Sow,  Gresslja  peregrina,  PhiL 

f,       demissns,  Phil,  Groniomja  literata,  Sow, 

Lima  rigidula,  Phil,  Waldheimia  lagenalis,  Schlot, 

„      sulcata,  Gk>ldf.  Bbyuchonella  Loodsii,  Walk. 

Avicula  ecbinata,  Sow,  Serpula,  sp. 

„  sp.  GlypluDa  Stricklandi,  PhiL 

The  specimens  of  Glyphcea  are  found  in  small  oval  nodules, 
which  are  rather  characteristic  of  the  ^  view /a- shales.  They 
consist  for  the  most  part  of  a  pale  buff-coloured  phosphatic  stone, 
more  or  less  resembling  potatoes,  extemally.  The  nodules  exa- 
mined by  me  are  pretty  rich  in  calcic  phosphate,  and  many  of 

*  The  Oolites  of  N.W.  Germany  lie  about  2  degrees  south  of  the  parallel 
of  the  Yorkshire  Oolites.  From  their  western  extremity,  on  the  £ni8, 
Scarborough  bears  W.N.W.,  850  miles. 
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them,  also,  in  ferrous  carbonate.  Like  septaria,  they  have 
shrinkage  cracks,  often  as  fine  as  threads,  which,  in  no  case  under 
my  notice,  extend  to  the  surface.  These  cracks  are  filled  with 
spathic  iron,  associated  with  pyrites,  and  a  snowy  white  silicate, 
probably  allied  to  Kaolinite,  There  is  nothing  much  to  be  learnt 
from  this  small  collection,  except  that,  on  the  whole,  the  fauna 
leans  to  Gombrash  types.  The  majority  of  the  specimens  are  of 
species  which  hare  a  wide  Jurassic  range,  and  whose  presence  in 
any  particular  formation  is  due  principally  to  the  nature  and 
physical  conditions  attending  the  deposit.  Their  state  of  preserva- 
tion scarcely  admits  of  critical  examination  ;  but  the  specimens  of 
terebratuloid  shells  have  more  resemblance  to  the  form  now  called 
Waldheimia  lagenalis^  Schlot,  so  common  in  the  Combrash, 
than  to  that  shorter  form  of  the  W,  omithocephala  group,  which 
prevails  in  the  Kelloway  Rock,  and  which  Mr.  Walker  is  disposed 
to  refer  to  the  W,  umbonella,  of  Lamarck.  Avicula  echinata  id,  of 
course,  excessively  abundant,  and  characteristic. 

The  Kelloway  Rock.^ Along  a  line  drawn  from  Scarborough 
North  Cliff  to  Newbiggin  Wyke,  a  distance  of  about  five  and  a-half 
miles,  it  is  easy  to  perceive,  by  the  rapid  attenuation  of  this 
formation,  how  much  it  differs  from  the  underlying  shales  in  con- 
stancy. The  task  of  following  the  Kelloway  Rock  along  its  dip  is 
by  no  means  an  easy  one,  on  account  of  the  dislocations  which 
prevail  hereabouts.  Since  its  formation  and  consolidation,  the 
rock  has  been  pretty  well  moved  about;  so  that  to  follow  it 
closely  would  be  to  write  the  stratigraphical  history  of  the  district. 
Wo  must  be  content,  therefore,  to  take  it  at  certain  points : 
(1)  on  its  dip  towards  the  south  and  south-east;  (2)  on  its  out- 
crop westwards  from  Scarborough. 

At  the  North  Cliff,  underneath  the  Albion  Hotel,  which  is 
about  190  feet  above  sea.level,  we  have  the  following  section  from 
above  downwards : — 

DETAILED  SECTION  OF  THE  KELLOWAY  BOOK,  NOETH  CLIFP, 

SCAEBOROUGH. 

(In    Dbscending  Order.) 

FT.   IN. 

Brash  and  Broken  BocK;   vert  Ferruginous;  hard  where 

not  exposed —  4    0 

Contains  BelemrUtea   Owenii,  Ostrea  JUibelloidea,   Qryphaa 
dilatataf  Omatos  ammonites,  &o. 
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FT.  nr . 

TJPPKE  Tier  op  Solid  Stone —  10    O 

ContainB  a  band  of  snbcrjatalline  fossiliferous  rock,  from 
which  many  of  the  specimens  of  ammonites  and  other  shells 
marked  **  Kellowaj  Book,  Scarborough,"  have  been  ob- 
tained, 1ft.;  rotten  irony  sandstone,  with  similar  fossils, 
1ft.  6in. ;  boilding  sandstone,  poor  in  fossils,  7ft.  Gin. 

I/oosE  Muddy  Sandstones —  20    O 

(Thickness  estimated  merely.) 

Lower  Tier  op  Solid  Stone —  12    O 

Contains  a  hard  bed,  charged  with  Belenmites  Oweniif  Ac 

Loose  Clatet  Sandstones —  80    O 

Contain  hard  bands  and  doggers,  with  Astwrte  like  A,  cari^ 

naia,  Phil.,  Trigonia  RitrpelUnsis,  Modiola  cuneata,  Avicula 

BraaniburiennSf  Pholadomya  Murehisonif  &o. 

N.6. — ^Impressions  of  these  and  of  other  species  are  frequent  in 

the  lower  sands.  

76    O 

The  upper  six  feet  appear  to  contain  the  great  mass  of  the 
fossils,  for  which  this  formation,  at  Scarborough  and  elsewhere  in 
Yorkshire,  is  so  famous  :  the  freestones  of  the  upper  tier  probabl j 
contain  a  few  specimens  of  the  same  species.  The  lower  tier  of 
building  stones  seems  to  have  foreshadowed  the  fauna  and  physical 
conditions  which  culminated  during  the  deposition  of  the  materials 
forming  the  upper  tier.  Palaeontologically  th  is  lower  tier  may  perh  aps 
be  viewed  as  on  a  level  with  the  '^  fossiliferous  sandy  and  marly  mud- 
Btone,"  so  full  of  Belemnitea  Owenii  at  Newbiggin  Wyke.  The  lower 
sands  at  the  base,  which  gradually  melt  into  the  ^vi'ct/Za-shales 
beneath,  bespeak  somewhat  different  conditions,  and  contain  a  very 
different  fauna  from  the  upper  beds.  This  part  of  the  formation 
is  full  of  a  peculiar  doggery  rock,  and  also  of  ramose  bodies  like 
sponges.  It  is  tolerably  rich  in  Trigonice,  amongst  which  there  is 
a  very  beautiful  clavellate  form,  identified  by  Dr.  Lycett  as  the 
T.  Rupellensis  of  D'Orbigny's  "  Prodrome."  I  do  not  hear  of  any 
belemnites  or  ammonites  having  been  found  here.  The  fauna 
is  rather  estuarine,  and  seems  to  indicate  a. partial  renewal  of  the 
physical  conditions  which  had  produced  the  three  great  Estuarine 
Series  below  the  Cornbrash.  There  are  several  places  about  the 
Castle  Hill  outlier,  where  the  Kelloway  Rock  may  be  studied  with 
advantage.  Close  to  the  outer  pier  of  the  harbour  there  is  a  large 
exposure ;  there  are  others,  also,  on  the  north  side  of  the  Castle 
Hill,  where,  however,  the  fallen  blocks,  from  which  the 
majority  of  the  fossils  were  extracted,  had  been  so  well  picked 
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FT.    IK. 

TJPPEE  Tier  op  Solid  Stonk —  10    O 

Contains  a  band  of  Bubcrystallme  f ossiliferons  rock,  from 
wbicb  many  of  tbe  specimens  of  ammonites  and  other  shellB 
marked  **  Kelloway  Bock,  Scarborough,"  have  been  ob- 
tained, 1ft.;  rotten  irony  sandstone,  with  similar  fossils, 
1ft.  Gin. ;  building  sandstone,  poor  in  fossils,  7ft.  Gin. 

I;oo8E  Muddy  Sandstones —  20    0 

(Thickness  estimated  merely.) 

Lower  Tier  op  Solid  Stone —  12    0 

Contains  a  hard  bed,  charged  with  Belenmites  Owenii,  Ac 

Loose  Clatet  Sandstones —  30    0 

Contain  hard  bands  and  doggers,  with  Astarte  like  A.  cari- 

ncita,  Phil.,  Trigonia  Rupellensis,  Modiola  cuneata,  AvUvla 

BrcumbwriensiSf  Pholadomya  Mvrchisoni,  &c. 

N.6. — ^Impressions  of  these  and  of  other  species  are  frequent  in 

the  lower  sands.  — ^_ 

76    O 

Tbe  upper  six  feet  appear  to  contain  the  great  mass  of  the 
fossils,  for  which  this  formation,  at  Scarborongh  and  elsewhere  in 
Yorkshire,  is  so  famous  :  tbe  freestones  of  tbe  upper  tier  probably 
contain  a  few  specimens  of  the  same  species.  Tbe  lower  tier  of 
building  stones  seems  to  have  foreshadowed  tbe  fauna  and  physical 
conditions  which  culminated  during  tbe  deposition  of  the  materials 
forming  the  upper  tier.  Palseontologically  this  lower  tier  may  perhaps 
be  viewed  as  on  a  level  with  tbe  **  fossiliferous  sandy  and  marly  mud- 
stone,"  so  full  of  Belemnites  Owenii  at  Newbiggin  Wyke.  The  lower 
sands  at  the  base,  which  gradually  melt  into  tbe  Avicula-sh&les 
beneath,  bespeak  somewhat  different  conditions,  and  contain  a  very 
different  fauna  from  the  upper  beds.  This  part  of  the  formation 
is  full  of  a  peculiar  doggery  rock,  and  also  of  ramose  bodies  like 
sponges.  It  is  tolerably  rich  in  Trigonice,  amongst  which  there  is 
a  very  beautiful  clavellate  form,  identified  by  Dr.  Lycett  as  the 
T.  Rupellensis  of  D'Orbigny's  "  Prodrome."  I  do  not  bear  of  any 
belemnites  or  ammonites  having  been  found  here.  Tbe  fauna 
is  rather  estuarine,  and  seems  to  indicate  a. partial  renewal  of  tbe 
physical  conditions  which  had  produced  tbe  three  great  Estuarine 
Series  below  tbe  Cornbrasb.  There  are  several  places  about  the 
Castle  Hill  outlier,  where  tbe  Kelloway  Rock  may  be  studied  with 
advantage.  Close  to  tbe  outer  pier  of  tbe  harbour  there  is  a  large 
exposure ;  there  are  others,  also,  on  tbe  north  side  of  tbe  Castle 
Hill,  where,  however,  the  fallen  blocks,  from  which  the 
majority  of  the  fossils  were  extracted,  bad  been  so  well  picked 
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over  when  Mr.  Leckenby*  wrote  in  1858,  that,  even  then,  there 
was  hardly  anything  to  be  fonnd. 

Following  the  coast  section,  the  next  appearance  of  the  Kello- 
way  Rock  is  under  Wheatcroft.  Some  broken  and  imperfect 
fragments  may  be  seen  about  Osgodby  Nab,  and  Tennants  Cliff; 
beyond  which,  when  we  get  clear  of  the  drift  of  Cayton  Bay, 
occurs  the  celebrated  section  under  High  Red  Cliff.  Here  it 
forms  a  handsome  buttress  of  a  rich  brown  sandstone,  which 
springs  from  the  beach,  and  supports,  like  a  concave  wall,  the 
dark  grey  shales  of  the  Oxford  Clay,  capped  by  the  yellow  layers 
of  the  Lower  Calcareous  Grit.  The  average  thickness  in  this 
exposure  may  be  about  thirty  feet,  but  it  appears  to  be  thinning 
towards  the  east. 

The  general  character  of  the  formation  here  is  somewhat 
similar  to  that  at  Scarborough,  though  with  a  less  amount  of 
loose  sand,  and  perhaps  more  ironstone.  The  upper  six  feet 
usually  contain,  in  a  kind  of  ironstone,  the  principal  fossils,  such 
as  belemnites,  ammonites,  gryphaeas,  &c.,  for  'which  the  locality 
is  famous.  These  become  less  plentiful  lower  down ;  and  I  cannot 
find  that  they  have  been  met  with  in  the  lower  beds.  About  halfway 
down,  in  one  of  the  ferruginous  bands,  occurs  rather  plentifully, 
but  very  difficult  of  extraction  in  consequence  of  the  hardness  of 
the  stone,  a  little  irregular  TrigoniUj  belonging  to  the  group 
UndulatcB :  to  this  Dr.  Lycett  has  given  the  name,  T.  paucicosta. 
In  the  middle  and  lower  portions  of  the  formation  generally,  we 
have  ferruginous  and  calcitic  doggers,  often  very  siliceous,  and  hard 
beds  of  a  similar  composition,  with  Trtgonia,  Gervillia^  and 
sponge-like  forms,  amongst  sandstones  containing  impressions 
of  these  fossils,  along  with  Modiola  cuneata,  Avtcula,  &c.  From 
these  facts  we  may  gather  that  the  Kelloway  Rock  of  Red 
Cliff  is  divisible  into  two  groups,  an  upper  and  truly  marine  one 
with  abundance  of  Cephalopoda,  and  a  lower  group  which  is  less 
decidedly  marine  in  its  character.f  As  regards  the  top  fossili- 
ferous  beds,  these  are,  in  some  cases,  either  wanting,  or  not  always 
eqaally    fossiliferous.      The   ammonites   most   frequent   in  them 

•  Qnart.  Joum.  Geol.  Soc.,  Vol.  xy.,  p.  6. 

t  Though  Cephalopoda  are  not  easy  to  discover  in  these  lower  beds,  at 
Red  Cliff,  8o  full  of  Trigonia  and  Qermllia,  it  wonld  not  be  safe  to  infer 
their  entire  absence,  inasmuch  as  Sir  Charles  Strickland  has  found  a  very 
peculiarly  marked  ammonite,  as  I  understand,  amongst  the  trigonias, 
which  are  most  plentiful  about  the  middle  of  the  band  of  rusty  sandstone 
which  constitutes  the  Kelloway  Rook  of  this  locality. 
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are  A.  GowerianuSy  A,  Kcenigi,  A,  modiolaris,  and  A.  Chamusaetii 
no  specimens  of  the  Ornatns  group  are  quoted  from  here,  bat  A. 
fiexicostatus  {Lamhertiy  Sow.)  is  said  by  Mr.  Leckenby  to  occur  in 
the  topmost  bed.  Towards  the  east  end  of  the  base  of  High  Red 
Cliff,  and  not  yery  far  from  the  fault,  the  Kelloway  section  becomes 
more  accessible,  and  presents  the  following  in  descending  order,  the 
thickness  being  estimated  merely  :  — 

FT.   IN. 

Sandy  ironBtone,  in  some  places  rather  cnimhlj.  The  lower 
three  feet  contain  the  chief  fossils  of  the  locality,  princi- 
pally ammonites,  belemnites,  and  gryphaaas,  with  a  few 
fossils  of  the  same  kind  higher  up      6     6 

A  hard,  knotty,  brick-red  rock,  also  laigely  charged  with  ironj 
has  a  few  fossils  similar  to  the  bed  above,  but  is  too  hard 
to  work,  projects  beyond  4     6 

Softer  brownish  yellow  sands 6     0 

Hard,  semi-crystalline,  ferrnginous  and  calcitic  sandrock,  with 
Trigonia  paudcostay  Tcmcredia  cvrtcmsata,  &o.  Blocks  of 
this  rock  lie  about  the  shore ;  varies  in  thickness  ...         ...     1     6 

Sandstone  masses,  very  irregular,  and  doggery  with  many  casts 
of  fossils,  Oervillia  and  Modiola  especially  abundant. 
It  is  probable  that  Trigonia  RupeUensis  also  occurs  on 
this  horizon         ...         ...         ...         ...         ...         ...         ...     6     6 

Sandstone  masses,  which  lower  down  become  looser,  and  less  like 

rock  in  character,  with  bad  casts  of  Trigonia,  Modiola,  &o.    6     0 

At  High  Red  Cliff,  we  just  obtain  a  peep  of  the  Kelloway  Bock, 
on  the  east  side  of  the  fault.  In  this  small  exposure  on  the  up- 
throw side  we  may  observe,  about  twelve  feet  from  what  is  there  the 
base  of  Kelloway  Rock,  a  J/^a-bed  in  clean  yellow  sand,  where 
the  large  Combrash  Myacites  occurs,  along  with  others  of  the 
same  genus,  and  with  a  clavellate  Trigonia,  Beyond  this  the  rock 
is  masked  by  Drift,  and  when  next  it  emerges  into  daylight  is  still 
well  up  in  the  cliffs  of  Gristhorpe  Bay,  where  its  thickness,  by 
estimation,  is  18  feet,  at  the  N.W.  end  of  the  bay.  From  this 
point,  a  steady  fall  towards  the  S.E.  is  noted,  and  a  diminishing 
thickness,  with  some  irregularity  of  development.  The  top  fossili- 
ferous  beds  are  stated  to  be  wanting  in  many  places.  Near  Pudding 
Hole  we  find  the  section  already  quoted  in  reference  to  the  Avicula- 
shales.*  This  is  immediately  concealed  beneath  the  ruins  of  the  great 
landslip,  and  most  unfortunately,  for  here  is  one  of  the  most  fossili- 
ferous  portions  of  the  Kelloway  Rock,  where  the  upper  part,  usually 

•  See  page  861. 
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80  irony,  is  of  a  more  calcareoas  nature,  and  full  of  oolitic  grains. 
From  this  place  many  of  the  specimens  marked  *'  Gristhorpe " 
are  obtained.  Judging  from  the  ammonites,  the  fauna  is  rather 
Jiigher  than  that  of  Red  Cliff.  The  ultimate  disappearance 
of  the  Kelloway  Rock  in  Newbiggin  Wyke,  as  a  little  reef 
of  sandy  ironstone,  containing  Belemnites  Owenii,  Omatus  am- 
monites, &c.,  has  been  already  mentioned.  The  inferior  beds, 
with  TrigoniOf  &c.,  so  well  shown  at  Scarborough,  andeyen  so  near 
as  Red  Cliff,  are  either  wanting  here,  or  have  become  merged  in  the 
^t;icu/a-shales.  Although  the  attenuation  is  so  great,  viz.,  from 
75  to  5  feet  in  about  5^  miles,  the  general  appearance,  mineral 
character,  and  to  a  certain  extent,  fossil  contents  of  the  Kelloway 
Rock  here  is  much  the  same  as  obtains  in  the  top  beds  of  the 
formation  at  Scarborough.  This  attenuation  gives  a  gradient  of 
1  in  415  for  the  natural  slope  of  the  upper  surface,  supposing  the 
base  to  hare  been  level  originally;  but  this  is  yery  doubtfuL 
MoreoYcr,  we  cannot  say  that  the  coast  section  may  not  be 
slightly  oblique  both  to  the  full  dip  and  to  the  direction  of 
greatest  thinning.  But  it  is  quite  safe  to  infer  from  what  we  haye 
seen  that  the  Kelloway  Rock,  as  deyeloped  on  the  north  side  of 
the  great  vale  of  Pickering,  constitutes  a  sort  of  wedge  with  the 
sharp  edge  pointing  in  a  southerly  direction.  In  this  respect  it 
follows  the  rule  of  the  estuarine  deposits  of  the  Lower  Oolites ; 
and  notwithstanding  the  great  contrast  of  their  fossil  contents  as 
regards  the  upper  part  of  this  formation,  it  must  be  yiewed  as  a 
deposit  of  somewhat  similar  materials,  and  possibly  deriyed  from 
the  same  quarter. 

Without  attempting  to  trace  the  interyening  exposures  of 
Kelloway  Rock  along  its  line  of  outcrop,  it  may  be  conyenient  to 
give  the  following  extract  from  my  note  book,  containing  a  brief 
description  of  its  character  and  development,  as  exhibited  at 
Yewdale  Scar,  in  Newtondale,  a  point  about  eight  miles  W.  by  N. 
of  Hackness.  '^  Then  comes  on  a  noble  precipice,  some  seventy 
or  eighty  feet  in  height,  consisting  entirely  of  Kelloway  Rock, 
which  rests  on  a  slope  formed  by  about  ten  feet  of  Avicula-BhsAea, 
At  the  base  occurs  about  seven  feet  of  a  soft,  greyish-yellow,  varie- 
gated sandrock,  weathering  into  a  natural  corridor,  which  would 
afford  no  mean  shelter  during  a  shower.  Thence,  upwards,  is  a 
series  of  horizontal  slabs  of  natural  masonry,  alternating  with 
insterstices  of  a  softer  material,  and  frequently  towards  the  top 
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are  A.  GowerianuSy  A.  Kcemgi,  A,  modwlaris,  and  A.  Chamvsseti : 
no  specimens  of  the  Ornatns  gronp  are  quoted  from  here,  but  A, 
JUxicostatus  {Lamhertiy  Sow.)  is  said  by  Mr.  Leckenbj  to  occur  in 
the  topmost  bed.  Towards  the  east  end  of  the  base  of  High  Red 
Cliff,  and  not  yerj  far  from  the  fault,  the  Kellowaj  section  becomes 
more  accessible,  and  presents  the  following  in  descending  order,  the 
thickness  being  estimated  merely  :  — 

FT.   IN. 

Sandy  irooBtone,  in  some  places  rather  ommhly.  The  lower 
three  feet  oontain  the  chief  fossils  of  the  locality,  princi- 
pally ammonites,  belemnites,  and  gryphasas,  with  a  few 
fossils  of  the  same  kind  higher  up      ...         6     6 

A  hard,  knotty,  brick-red  rock,  also  laigely  charged  with  iron; 
has  a  few  fossils  similar  to  the  bed  above,  bat  ia  too  hard 
to  work,  projects  beyond  4    6 

Softer  brownish  yellow  sands 6    0 

Hard,  semi-crystalline,  ferraginons  and  calcitic  sandrock,  with 
Trigonia  pat^tcosfa,  Tancredia  curtansaiaf  &o.  Blocks  of 
this  rock  lie  about  the  shore ;  varies  in  thickness 1     6 

Sandstone  masses,  very  irregolar,  and  doggery  with  many  casts 
of  fossils,  OervilUa  and  Modiola  especially  abnndant. 
It  is  probable  that  Trigonia  Rujpellensia  also  occurs  on 
this  horizon         ...         ...         ...         ...         ...         ...         ...     6     6 

Sandstone  masses,  which  lower  down  become  looser,  and  less  like 

rock  in  character,  with  bad  casts  of  Trigonia,  Modiola,  &c,    6    0 

At  High  Red  Cliff,  we  just  obtain  a  peep  of  the  Kelloway  Bock, 
on  the  east  side  of  the  fault.  In  this  small  exposure  on  the  up- 
throw side  we  may  observe,  about  twelve  feet  from  what  is  there  the 
base  of  Kelloway  Rock,  a  Mya-hed  in  clean  yellow  sand,  where 
the  large  Combrash  Myadtea  occurs,  along  with  others  of  the 
same  genus,  and  with  a  clavellate  Trigonia,  Beyond  this  the  rock 
is  masked  by  Drift,  and  when  next  it  emerges  into  daylight  is  still 
well  up  in  the  cliffs  of  Gristhorpe  Bay,  where  its  thickness,  by 
estimation,  is  18  feet,  at  the  N.W.  end  of  the  bay.  From  this 
point,  a  steady  fall  towards  the  S.E.  is  noted,  and  a  diminishing 
thickness,  with  some  irregularity  of  development.  The  top  fossili- 
ferous  beds  are  stated  to  be  wanting  in  many  places.  Near  Pudding 
Hole  we  find  the  section  already  quoted  in  reference  to  the  Avicula- 
shales.*  This  is  immediately  concealed  beneath  the  ruins  of  the  great 
landslip,  and  most  unfortunately,  for  here  is  one  of  the  most  fossili- 
ferous  portions  of  the  Kelloway  Rock,  where  the  upper  part,  usually 

•  See  page  861. 
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80  irony,  is  of  a  more  calcareous  nature,  and  full  of  oolitic  grains. 
From  this  place  many  of  the  specimens  marked  *'  Gristhorpe  " 
are  obtained.  Judging  from  the  ammonites,  the  fauna  is  rather 
higher  than  that  of  Red  Cliff.  The  ultimate  disappearance 
of  the  Kelloway  Rock  in  Newbiggin  Wyke,  as  a  little  reef 
of  sandy  ironstone,  containing  Belenmites  Oweniiy  Omatus  am- 
monites, &c.,  has  been  already  mentioned.  The  inferior  beds, 
with  Trigoniay  &c.,  so  well  shown  at  Scarborough,  andeyen  so  near 
as  Red  Cliff,  are  either  wanting  here,  or  hare  become  merged  in  the 
^vfcu/o-shales.  Although  the  attenuation  is  so  great,  viz.,  from 
75  to  5  feet  in  about  5^  miles,  the  general  appearance,  mineral 
character,  and  to  a  certain  extent,  fossil  contents  of  the  Kelloway 
Rock  here  is  much  the  same  as  obtains  in  the  top  beds  of  the 
formation  at  Scarborough.  This  attenuation  gives  a  gradient  of 
1  in  415  for  the  natural  slope  of  the  upper  surface,  supposing  the 
base  to  have  been  leyel  originally;  but  this  is  yery  doubtful. 
Moreover,  we  cannot  say  that  the  coast  section  may  not  be 
slightly  oblique  both  to  the  full  dip  and  to  the  direction  of 
greatest  thinning.  But  it  is  quite  safe  to  infer  from  what  we  have 
seen  that  the  Kelloway  Rock,  as  developed  on  the  north  side  of 
the  great  vale  of  Pickering,  constitutes  a  sort  of  wedge  with  the 
sharp  edge  pointing  in  a  southerly  direction.  In  this  respect  it 
follows  the  rule  of  the  estuarine  deposits  of  the  Lower  Oolites ; 
and  notwithstanding  the  great  contrast  of  their  fossil  contents  as 
regards  the  upper  part  of  this  formation,  it  must  be  viewed  as  a 
deposit  of  somewhat  similar  materials,  and  possibly  derived  from 
the  same  quarter. 

Without  attempting  to  trace  the  intervening  exposures  of 
Kelloway  Rock  along  its  line  of  outcrop,  it  may  be  convenient  to 
give  the  following  extract  from  my  note  book,  containing  a  brief 
description  of  its  character  and  development,  as  exhibited  at 
Yewdale  Scar,  in  Newtondale,  a  point  about  eight  miles  W.  by  N. 
of  Hackuess.  **  Then  comes  on  a  noble  precipice,  some  seventy 
or  eighty  feet  in  height,  consisting  entirely  of  Kelloway  Rock, 
which  rests  on  a  slope  formed  by  about  ten  feet  of  Avtcula-BhsAes. 
At  the  base  occurs  about  seven  feet  of  a  soft,  greyish-yellow,  varie- 
gated sandrock,  weathering  into  a  natural  corridor,  which  would 
afford  no  mean  shelter  during  a  shower.  Thence,  upwards,  is  a 
series  of  horizontal  slabs  of  natural  masonry,  alternating  with 
insterstices  of  a  softer  material,  and  frequently  towards  the  top 
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with  rows  of  circular  cavities,  due  to  the  dissolving  out  of 
sphaeroidal  masses,  more  soluhle  than  the  rest  of  the  rock.  Some- 
times, also,  these  cavities  occur  independently  of  any  linear  ar- 
rangement. They  are  generally  protected  by  great  projecting  slabs, 
and  are  often  connected  by  a  slight  corridor,  thus  forming  most 
inviting  homes  for  the  larger  birds  of  prey,  in  the  days  when  there 
were  any  such  in  the  district.*  There  are  few  more  picturesque 
precipices  in  all  these  moorlands.  The  brownish -yellow  tint  of  the 
rock  contrasts  well  with  the  grey  colour  of  the  lichens,  whilst  the 
cliflf  face  itself  is  bristling  with  dwarf  oak,  birch,  and  holly  cling- 
ing to  its  rifts.  For  geological  purposes  it  would  not  be  very 
easy  to  examine  every  part  of  this  cliff,  but  the  hard  sandstone 
atop  may  be  seen  to  contain  numerous  casts  of  the  characteristic 
Oryphcea^  whilst  specimens  of  Belemnitea  Owenii,  Aminonites  GowC' 
rianuSf  and  other  well-known  Kelloway  fossils  may  be  picked  up, 
though  in  very  poor  condition,  amongst  the  debris  at  the  foot  of 
the  cliff.'' 

The  upper  portions  of  the  "  Rock,"  which  on  the  coast  present  a 
considerable  amount  of  the  salts  of  lime  and  iron,  seem  in  this 
exposed  situation  to  have  been  so  drenched  by  acidulated  waters, 
generated  in  excess  through  the  decomposition  of  the  moorland 
peat,  that  a  bare  and  meagre  grit  with  casts  of  fossils  occupies 
the  edge  of  the  plateau.  When  not  exposed  to  this  action  some 
of  the  beds  in  this  wild  region  of  Goathland,  where  the  outcrop  of 
the  rock  attains  its  most  northerly  point,  are  stated  by  Bewicke  to 
contain  valuable  ironstone.  It  is  remarkable,  also,  for  the  great 
quantity  of  vegetable  impressions  and  woody  fragments  associated 
with  these — another  connecting  link  between  this  deposit  and  the 
Estuarine-beds  of  the  Lower  Oolites.  We  have  already  had  oc- 
casion to  note  this  peculiarity  at  Gristhorpe.  An  extract  from 
Bewick e's  account  of  the  ironstones  in  the  upper  part  of  the 
Goathland  Beck,  near  Killing  Pits,  which  he  seems  to  refer  to  the 
Kelloway  Rock  series,  may  prove  of  interest.  It  should  be  stated- 
that  the  Killing  Pits  have  been  the  puzzle  of  antiquaries  for  a 
long  time.  Bewickef  believes  them  "  to  be  nothing  more  than 
the  rude  remains  of  mining  operations  carried  on  in  this  deposit 
in  that  bleak  and  barren  region  in  ages  long  gone  by."     These 

*  Eillingnoble   Scar,    which    is    opposite,  was    famed  for  its  breed  of 
falcons,  for  the  preservation  of  which  special  enactments  were  made, 
t  **  Geological  Treatise  on  Cleveland/'  page  77. 
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pits,  according  to  him,  consist  of  a  series  of  ezcayatioiis  formed  in 
parallel  rows,  extending  along  the  brow  of  a  hill,  the  interior  of 
which  consists  of  grey  shale,  identical,  he  belieyes,  with  the  Oxford 
Clay  of  Phillips.  The  ''  Upper  Oolitic  "  (Kelloway  Rock  ?)  iron- 
stone is  stated  to  be  found  at  the  bottom  of  this.  Subjoined  is  an 
extract  taken  from  his  large  section : — 

Grey  Shale,  the  Oxford  Clay  of  Fhfllips. 
•g  Sj4  fNodnlar  ironstone. 


a*' 


Flagstone  mixed  with  vegetable  impreBsions. 

Grey  shale. 

Ironstone. 


^Flagstone. 
Bine  Shales  above  the  Combrash  P 

According  to  his  scale,  the  total  thickness  would  be  about  seyenty 
feet.  This  b  believed  to  be  a  generalized  section  not  to  be  proved  in 
any  one  place.*  One  peculiarity  is  that  Bewicke  seems  to  have 
considered  these  ironstones  to  consist  of  a  richer  ore  than  is  usually 
met  with  in  that  part  of  the  country. 

From  this  district  the  outcrop  of  the  Middle  Oolites  has 
a  strong  southerly  deflection  for  a  few  miles,  but  soon  re- 
gains its  general  westerly  trend  until  finally  cut  ofif,  about 
twenty  miles  W.8.W.  of  Goatbland,  by  the  great  Hamble- 
ton  escarpment,  where,  as  previously  stated,  the  Kelloway  Rock, 
or  arenaceous  member  of  the  Lower  Oxfordian,  is  very  thick. 
Keference  has  already  been  made  in  a  foot  note,  page  855,  to  the 
extraordinary  reversal  in  the  relative  thickness  of  the  "  Kelloway 
Rock  "  and  of  the  ''  Oxford  Clay  "  on  the  coast,  and  in  the  inland 
or  western  escarpment.  It  has  also  been  shown  how  on  the  coast 
itself  this  thinning  of  the  Kelloway  Rock  only  takes  place  in  a 
southerly  or  south  easterly  direction.  Where  the  section  at  the 
northern  and  western  outcrops  presents  what  we  may  almost  term 
the  thick  end  of  a  wedge,  it  is  difficult  to  avoid  speculating  upon 
the  possible  extension  and  thickening  of  these  brown  sandstones 
almost  indefinitely  towards  the  N.W.  As  the  traveller  bound  for 
the  north  glides  swiftly,  in  the  fastest  of  trains,  through  the  great 

*  I  regret  very  mnch  not  to  have  had  an  opportnnity  of  visiting  this 
locality.  Killing  Pits  bear  N.W.  from  Yewdale  Soar  rather  over  8^  mitos. 

Z 
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central  plain  of  Yorkshire,  he  sees  high  upon  his  right,  if  the  day 
he  fine,  the  mural  clififs  of  Oxfordian  age,  which  cap  the  great 
escarpment  of  the  Hambletons.  If  he  knows  anything  of  the 
history  of  their  development,  and  how  that  a  mere  strip  of  Oxford 
Clay,  some  thirty  feet  thick,  is  squeezed  in  between  a  hundred 
feet  of  brown  Kelloway  sandstone  below,  and  a  hundred  feet 
of  Calcareous  Grit  above;  if  then  he  remembers  how  this 
brown  sandstone  thins  away  to  the  south  and  east,  let  him 
carry  in  his  mind^s  eye  its  north-westerly  extension  right  across  the 
blue  vault  above  his  head  until,  its  full  proportions,  in  no  vain 
imagination,  once  more  restored,  he  sees  this  old  Oxfordian  shore 
deposit  reposing  on  the  flanks,  though  not  in  actual  contact  with 
the  Upper  Palaeozoic  rocks,  whose  remains  may  be  seen  to  bound 
the  western  horizon.  If  we  could  write  the  history  of  what  has  been, 
guided  by  the  analogy  of  what  is,  we  might  possibly  thus  arrive 
at  a  point  where  the  upper  and  lower  sandstones  of  Oxfordian  age 
should  coalesce,  and  no  clays  be  left  to  represent  the  physical 
conditions  of  tbat  great  argillaceous  deposit  which  extends  across 
our  island  in  almost  unbroken  continuity  from  Scarborough  to 
Weymouth.  This  thinning  of  beds  with  the  dip  has  been  well 
treated  of  by  Mr.  Topley*  as  regards  the  Jurassic  and  Triassic 
rocks  of  central  and  southern  England.  He  also  alludes  to  the 
Oolitic  rocks  of  Yorkshire.  There  can  be  no  doubt  whatever  thai 
the  thinning  of  beds  along  their  dip,  producing  an  appearance  of 
upheaval,  is  an  important  element  in  the  surface  configuration  of 
a  district,  and  nowhere  more  so  than  in  the  Oolitic  area  of  Eastern 
Yorkshire.  It  must  be  classed  along  with  ^'disturbance"  and 
'^  denudation,"  as  one  of  the  principal  causes  in  producing  those 
existing  results  which  we  may  term  "  accidents  of  the  surface." 
The  subject  will  be  adverted  to  more  fully,  especially  as  regards 
the  Vale  of  Pickering,  under  the  head  of  Coralline  Oolite.  The 
identification  of  the  Kelloway  Hock  in  the  Howardian  Hills  is 
not  very  satisfactory.  (See  **  Yorkshire  Oolites,  Part  1."  Proc. 
Geol.  Assoc,  Vol.  iii.,  p.  382.) 

MiKERAL  Composition. — The  general  composition  of  the 
Kelloway  Hock  is  that  of  a  brownish  sandstone,  with  varying 
shades    of    colour,   inclining    to    red    and  yellow.      This   arises 

#  W.  Topley,  on  **  Areas  of  Apparent  Upheaval."  Quart.  Joum.  Geol. 
Soo.,  Vol.  zxz.,  p.  186. 
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from  certain  modifications  in  the  character  and  decomposition 
of  the  cementing  matter^  which  thus  produces  an  irregular  and 
lumpy  appearance  in.  the  beds.  The  material  is  usually  an 
extremely  rounded  quartzoze  sand,  with  a  muddy  investment. 
The  lower  beds  are  often  feebly  coherent,  whilst  in  the  upper 
and  more  fossiliferous  portions  there  are  considerable  accumu- 
lations of  lime  and  iron.  This  description  is  intended  to  apply 
principally  to  the  rock  as  seen  on  the  coast.  Near  the  pier 
at  the  base  of  Scarborough  Castle  Hill,  and  again  at  the 
North  Steel,  some  of  the  peculiar  mineral  conditions  of  this  rock 
may  be  noticed.  The  North  Steel  is  a  low  promontory  which  pro- 
tects the  Castle  Hill  from  the  north-easterly  swell  of  the  German 
Ocean.  It  consists  of  the  upper  beds  of  the  Kelloway  Rock 
sharply  cut  off  on  the  west  by  the  Castle  Cliff  fault,  and  running 
out  into  the  sea  like  an  immense  natural  groin.*  Nowhere,  per- 
haps, in  Yorkshire,  is  there  such  an  excellent  example  of  the  pro- 
tecting power  of  a  good  pier  of  ironstone.  Visited  at  low  water, 
it  appears  as  a  deeply-fissured  platform — a  sort  of  mer  de  glace^  in 
stone,  forming  a  prominence  upon  the  Scar,  and  rather  bulging 
seawards,  as  though  glad  to  be  relieved  of  the  pressure  of  the 
Castle  Hill.  Some  fantastic  projections,  the  remains  of  the  upper- 
most beds,  are  noticeable  features  ;  these  are  the  results  of  unequal 
weathering,  due,  in  a  great  measure,  to  varying  proportions  of  the 
cementing  material.  The  ironstone  is  lumpy  and  irregular,  and 
probably  too  lean  and  siliceous  to  be  of  much  commercial  value, 
A  fragment  taken  from  here  may  be  described  as  a  nest  of  shells, 
principally  Eht/nchonella,  in  a  brick-red  nodular  matrix,  with  a  grey 
core.  The  shells  are  a  mixture  of  ferrous  and  calcic  carbonates, 
in  a  spathic  condition,  and  this  is  the  state  of  many  of  the  best 
preserved  fossils  of  the  Kelloway  Rock  of  Scarborough.  Another 
fragment  consists  of  a  paste  or  matrix  of  ferrous  and  calcic  car- 
bonates, a  little  mud,  and  some  fine  sand.  The  paste  includes  a 
quantity  of  discoidal  and  oviform  grains,  giving  the  rock  some- 
what of  an  oolitic  appearance.  These  grains  are  not  altogether 
soluble  in  acid;  the  composition  is  probably  that  of  a  mixed, 
hydrated  silicate.  The  more  Battened  grains  under  the  lens  exhibit, 
on  the  surface,  a  number  of  shallow  depressions. 

Fossil  Contents. — Besides  the  difference  already  noted  between 

«  See  Fig.  11,  in  Plate. 
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the  upper  and  lower  beds  of  the  petrological  group  known  as  the 
Kelloway  Rock,  the  Upper,  or  Cephalopoda  division,  seems  to 
contain  ammonites  belonging  to  two  geological  divisions,  of  which 
A.  modiolaris  (Lhuid),  and  A.  Gowerianus  (Sow.),  represent  callo- 
vian  forms,  whilst  A,  Duncani  (Sow.),  A,  Jason,  Reinecke  {A. 
Oulklmi^  Sow.),  A.  Lamberti  (Sow.),  and  many  others,  are  cha- 
racteristic of  the  Omatus-clays,  or  Lower  Oxfordian.  But  it  is 
quite  possible  that  distinctions  which  may  suit  one  region  cannot 
be  so  sharply  drawn  in  another.  Still,  in  order  to  prevent  mistakes 
arising  from  names,  it  is  necessary  to  point  out  that  the  fauna  of 
the  upper  part  of  the  Kelloway  Rock  of  Yorkshire,  as  indicated 
by  its  ammonites,  embraces  much  of  the  Oxfordian  of  English 
geologists.  Then  arises  the  question :  Are  the  fossil  if erous 
(Cephalopoda)  beds  in  the  upper  part  of  the  Kelloway  Rock  at 
Scarborough,  at  Red  Clifif,  and  at  Gristhorpe,  wholly  contem- 
poraneous deposits?  At  Scarborough  the  omati  seem  to 
be  very  plentiful ;  at  Red  Clifif,  A,  Gowerianus y  &c. ;  at  Gris- 
thorpe the  cordati,  as  A.  vertumnus.  Leek,  {A,  MaricB,  D'Orb.), 
and  A,  fiexicoatatua  Phill  (^A,  Lamberti^  Sow.),  &c.  This 
question  can  only  be  settled  by  a  very  close  attention  to  the 
precise  position  of  specimens  collected  during  a  considerable 
lapse  of  time. 

The  conditions  of  deposit,  as  may  be  inferred  from  previous 
statements,  were  probably  those  of  a  sandbank,  more  or  less  con- 
nected  with  the  shore,  the  land  supplying  the  material  lying  some- 
where to  the  north  and  west.  From  the  fact  of  there  being  a  great 
thickness  of  brownish  sands  with  Trigonia^  Modiola^  Aviculcy  &c., 
at  the  base  of  the  series,  both  at  Scarborough  and  at  Red  Cliff, 
whilst  this  cannot  be  traced  to  Gristhorpe,  we  are  rather  led  to 
suppose  that  the  northerly  portions  of  this  Jurassic  sandbank  are 
of  older  date  than  those  to  the  southward ;  but  this  applies  only 
to  the  base  of  the  series.  The  deposition  of  the  upper  portions 
alone  extended  over  a  period  sufficiently  long  to  intercept  and  entomb 
amongst  other  remains  the  ammonites  of  two  horizons  which  seem 
to  have  been  distinguished  in  other  districts. 

Subjoined  is  a  list  of  the  commoner  and  more  easily  procurable 
fossils.  For  further  particulars  consult  Leckenby,*  in  the 
"  Quarterly  Journal  of  the  Geological  Society,"  especially  as  to 
peculiar  forms  of  Ammonites  :— 

*  0pp.  cit.,  page  865. 
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FOSSILS  OF  THE  KELLOWAY  BOCK  OF  THE  YOBKSHIBE  COAST. 
So.,  Scarborough.    B.,  Bed  Cliff.    Or.,  GriBthorpe. 


Belemnites  Owenii,  Pratt. 

„  hastatus,  Blainyille. 

Nantilns  hezagoniis,  Sow.  <> 

Ammonites  modiolarisi  Lhuid.     B. 
Gbwerianns,  Sow.  ScB. 
Koenigi,  Sow.   Chieflj  B. 
conyolntus,  Qnenst.     So. 

Gr. 
like  Bakerisd  of  D*Orb., 

not  Sow.     So. 
ArdnennensiB,  O'Orb.  So. 
athleta,  Phfl.    So. 
(?)  perarmatos,  Sow.    So. 
Dnncani,  Sow.     So.  6r. 
Jason,    Bein.  (Gnlielmi, 

Sow.).     So.  Gr. 
MarisD,  ITOrb.     Gr. 
Lamberti,     Sow.     (flexi- 
oostatns,  Phil.,  longso- 
vns,  Bean.) 
Chamusseti,  D'Orb.    B. 
lunula,  Bein.    bo.,  rarely 

B. 
hecticus,  Bein. 
putealis,  Look.    Gr. 
bipartitns,  D'Orb.     Gr. 
crenatus,  Brug.     Gr. 
Natica  punctura,  L.  &  M. 
Cerithium  CuUeni,  Leok. 
Alaria  bispinosa,  Phil. 

„      sp.  (fine). 
Plenrotomaria  depressa,  Phil. 

„         guttata,  Phil,  (very  fine). 
„         granulata,  Sow. 
Dentalium  entaloideum,   Desh. 
Ostrea  flabelloides.  Lam. 
Grjphssa  dilatata,  Sow. 
„       bilobata,  Sow. 
Placnnopsis  ins&qualis,  Phil. 
Pecten  demissus,  Phil.  '\ 

fibroBus,  Sow.    >  not  frequent, 
lens,  Sow.  j 

Lima    Phillipgii    (P),    large,    finely- 
marked. 
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„  sp.  n. 


Lima  duplicata.  Sow. 
Avioula  Braamburiensis,  PhiL 

„       inaBquivalyis,  Sow. 
Gtoryillia  aviculoides,  Sow.    So. 

„      small  (P)  acuta,  Sow.    B. 
Pinna  mitis,  Phil.  (P)  culoeata,  Bean. 
Modiola  bipartita,  Sow. 
„     cuneata,  Sow. 
„     pulchra,  Phil.     So. 
Cucullsea  olathrata,  Leok. 

„       ooraIlina(?)  Dam. 
Nuoula  variabilis,  Sow. 
Trigonia  Bupellensis,  D'Orb.   Chiefly 
So. 
„      pauoioosta,  Lyo.   Chiefly  B. 
„      costate  species, 
Cardium  oognatum,  Phil. 
„      Crawfordii,  Leok. 
„      large  sp.  cast. 
Luoina  lirata,  I^. 
„     crassa,  Sow. 
„      Beanii  (P) 
Corbioella  ovaliB,  Phil. 
Unioardium  sp. 

Tanoredia  ourtansata,  Phil.    B.  So. 
Isocardia  minima,  Sow. 

„        sp. 
Anatina  undulata,  Sow. 

„       yersioostata,  Buyig. 
Pholadomya  acutioosta.  Sow. 
„        Murohisoni,  Sow. 
Myopsis,  sp. 
Goniomya  literata,  Sow. 
Myaoites  reouryus,  Phil. 

deoussatus.  Bean, 
modicus,  Bean. 
„       oaloeif  ormis,  PhiL 
Gresslya  peregrina,  Phil. 
Solemya  Woodwardiana,  Leok. 
Waldheimia  omithocephala  (W.  ombo- 

nella?  Lam.) 
Bhynchonella  sociaJis,  Phil. 
Glyphsea  sp.  , 

Strophodus. 
Wood,  fruits,  and  fern-fronds. 


ft 
ft 


Notes  on  thb  List  of  Fossils. 


Cephalopoda. — It  b  somewhat  surprising,  after  scarcely  seeing  a 
belemnite  in  any  Oolitic  bed  on  this  coast  above  the  horizon  of  the 
Scarborough  Limestone,  to  find  such  an  extraordinary  quantity  of 
that  yery  well  marked  and  characteristic  Ozfordian  form  B^  Oweniif 
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Pntt  (B.  ianuUiliMj  Phil.)  It  is  loDg,  nxnoir,  and  gab-cjlindrical, 
like  a  pipe,  in  fact,  which  tapers  rerj  suddenly  at  one  end.  Pro- 
fessor Phillips*  considered  the  specimens  from  Yorkshire  less  com- 
pressed than  the  tjpical  form,  more  cylindrical,  and  possihly  to  be 
regarded  as  distinct  specifically.  Another  striking  featore  of  the 
Kelloway  Bock  of  Yorkshire  is  the  extraordinary  abundance  and 
yariety  of  its  ammonites.  When  we  bear  in  mind  that  only  one 
species  is  found  in  the  underlying  Combrash,and  yet  that  upwards 
of  thirty  species  hare  been  enumerated  and  described  from  Uiese 
beds,  Che  marrel  is  from  what  qnarter  they  all  came.  No  wonder 
that  the  older  geologists  were  disposed  to  belieye  in  successire 
creations  ;  for  none  of  these  species,  with  the  doubtful  exception  of 
a  variety  of  //.  Herveyi,  Sow.  (A.  macrocephalus^  Schlot.),  was  ever 
seen  in  any  lower  beds  in  this  country.  It  must  be  described  as  a 
regular  invasion,  and  nothing  less.  Most  probably  this  great  sand- 
bank was  deposited  during  a  subsidence  of  this  region,  far  more 
continuous  in  time  and  extended  in  space  than  those  more  partial 
depressions  which,  during  the  period  of  the  Lower  Oolites,  had,  in 
this  region,  intercalated  the  spoils  of  the  sea  with  those  of  the 
estuary  and  marsh.  This  more  continuous  descent  seems  at 
length  to  have  removed  or  lowered  barriers  which  had  hitherto 
kept  out  the  waters  of  a  sea  swarming  with  strange  Cephalopoda. 
The  modem  system  of  nomenclature  is  curtailing  the  number  of 
species,  by  grouping  or  lumping  varieties ;  still  Mr.  Etheridge,  as 
.quoted  by  Lyell,f  assigns  twenty  species  of  Cephalopoda  to  the 
Kelloway  Rock  of  England,  eight  of  which  are  common  to  it  and 
to  the  Oxford  Clay.  The  very  great  variety  of  forms  noted  from 
the  Kelloway  Rock  of  the  Yorkshire  coast  is  extremely  puzzling, 
but  certain  groups  present  themselves  ;  amongst  these  may  be 
noted  the  group  of  which  A,  convolutua — rather  a  general  sort  of 
name — may  be  taken  as  the  representative.  This  includes  the 
A,  alligatus,  of  Bean,  and  other  named  forms,  which  perhaps  are 
only  sports  of  this  great  group  of  hiplex  or  pHcatiloid  ammonites 
having  themselves  numerous  representatives  also  in  higher  beds. 
A,  hinatua  or  A.  Bakeries  is  an  allied  form,  and  perhaps,  also,  the 
forms  referred  to  A,  Kcenigi  h&ye  some  relationship.  These  latter 
dififcr  somewhat  from  what  is  usually  understood  &8  A,  Kcenigi  in 
the  Oxford  Clay  of  southern  England,  being  usually  more  com- 

•  Pal.  Soo.,  Vol.  for  1869,  "  British  Belemnit«8,"  page.  121. 
t  "  Elements  of  Qeology,"  6Ui  edition,  p.  898. 
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pressed,  bat  are  very  like  the  figares  given  in  the  '*  Mineral  Con- 
chology*'  (Plate  263),  two  of  the  specimens  being  from  Kelloway 
itself. 

In  snch  forms  as  A,  Arduennensis  and  A,  athleta  we  have  a  con- 
necting link  between  the  conyolute  ammonites  and  the  bolder 
forms  of  tubercalated  ammonites,  of  which  A,  perarmatus  is  the 
culmination.  A.  athleta^  Phil.,  is  characteristically  figured  in 
"  The  Gleology  of  Yorkshire.**  D*Orbigny*  gives  a  capital  acconnt 
of  this  species,  and  of  its  changes  of  form.  First  there  is  a  little 
rounded  whorl,  with  extremely  fine,  and  occasionally  biplex  ribs. 
In  this  stage  it  might  be  taken  for  any  of  the  varieties  of  the  Con- 
volutus  group.  About  the  fourth  whorl  these  fine  ribs  grow  wider 
apart,  and  begin  to  stand  out  more  prominently.  Finally,  when 
the  whorls  are  becoming  decidedly  larger,  the  ribs  are  very  few  in 
number,  but  monstrously  tuberculated.  The  dorsal  tubercles, 
taken  as  a  pair  on  either  side  of  the  back,  present  an  appearance 
like  a  series  of  anvils.  Its  allies  in  the  higher  beds  are  to  be 
sought  in  the  group  of  which  A.  Eugeniif  Raspail,  and  A, 
Williamsoni,  Phil.,  are  types,  or  rather  recognised  forms  of  an 
infinitely  varied  group,  which  belong  to  the  genus  Perisphinctea 
of  Waagen,  and  have  this  feature  in  common — that  the  whorl  is 
biplex- convolute  in  early  life,  but  becomes  angular  and  tuberculated 
in  the  adult. 

The  Ornatus  group  here  presents  two  well-marked  divisions.  To 
one  division,  which  has  itself  many  varieties,  the  name  given  by 
Sowerby,  A.  Qulielmij  is  usually  applied.  These  specimens, 
preserved  as  they  are  in  the  spathic  rock  of  the  Castle  Hill  and 
North  Shore,  are  very  beautiful  objects,  and  occasionally  attain  a 
considerable  size.  There  is  much  variation  in  the  mode  of  growth, 
but  usually  the  outer  whorl  has  a  tendency  to  include  the  inner 
ones  to  a  great  extent,  increasing  somewhat  in  thickness  also  as 
well  as  in  depth,  the  result  being  a  steeply  bevelled  interior  edge. 
The  ornamentation  is,  however,  very  remarkable.  The  usual 
characters  are  that,  starting  from  the  steeply  bevelled  umbilical 
margin  of  the  rapidly  increasing  whorl,  we  find  a  number  of  shorty 
stoutish  radii,  which  are  usually  twice  tuberculated,  a  strong  cha- 
racteristic of  the  ornati.  At  the  second  tuberculation  these  um- 
bilical radii  are  met  by,  and  also  themselves  pass  into,  a  number  of 
very  delicate  radii  or  strise,  which  cross  over  the  flank  of  the  shell, 

•  "Pal^ntologie  Fzancaise^  Terrain  Jorasaiqae,"  Vol.  i.,  page  467  et  «eg. 
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and  are  Bometimea  gathered  by  pairs  into  a  alight  knot  on  the 
aqnarish  back.  These  nodes,  as  well  as  the  tnberdes  previoasly 
mentioned,  probably  supported  spines.  If  snch  an  ammonite 
were  flattened  and  preserred  in  clay  with  the  terminations  com- 
plete, we  shonld  recognise  one  of  the  finer  rarieties  of  A,  Jcacm,^ 
Beinecke. 

The  second  division  of  the  Omatos  group  includes  bolder  and 
more  yariable  forms.  They  are  generally  referred  to  A.  Duncaniof 
Sowerby,  and  include  a  rariety — ^here  pretty  common— called  A. 
gemmatus,  by  Phillips.*  This  is  a  highly  ornamented  shell,  often 
well  preserred  in  spathic  rock.  When  flattened  and  preserved  in 
clay,  as  mentioned  in  the  previous  case,  we  shonld  have  forms  such 
as  the  A,  ElizaheihcB  of  Pratt.  A,  spinotus  is  another  name  given 
by  Sowerby  to  one  of  the  conditions  of  this  species.  The  A.  Castor 
and  the  A,  Pollux  of  Reinecke,  very  fairly  indicate  the  finer  and 
bolder  varieties.  It  is  figured  in  Lyell's  *'  Elements  of  Geology," 
p.  397,  as  A,  Jasoti,  Reinecke.  A  reference  to  the  original  figure  of 
that  author  will  at  once  prove  that  the  two  species  can  scarcely  be 
Identical.  Associated  with  these  is  another  beautiful  group  of 
small  ammonites — viz..  Ammonites  lunula^  Rein.,  and  A.  hecticus^ 
Rein.  They  seem  to  run  into  each  other  considerably ;  at  least, 
the  specimens  hitherto  obtained  by  me  do  so.  In  the  form  which 
I  take  to  be  most  like  A.  lunula,  the  outer  portion  of  the  last  whorl 
is  ornamented  with  crescentnshaped  ribs,  thick,  but  not  prominent, 
and  curving  backwards  like  little  half  moons.  The  interior  portion 
of  the  last  whorl  has  about  one-tbird  the  number  of  stout,  elon- 
gated nodes,  set  in  an  opposite  direction,  so  as  to  form  an  angle 
with  the  half-moons.  These  shells  are  not  yery  common,  but  tbey 
form  a  handsome  ornament  to  the  cabinet,  and  are  prized  accord- 
ingly. 

The  next  great  group  are  the  Gordati,  which  are  especially 

numerous  at  Qristhorpe.  The  A,  MaruB,  of  D'Orb.  (A, 
vertumnua,  Leek.)  is,  perhaps,  a  sort  of  connecting  link 
between  A.  modtolaris  and  the  cordati,  which,  in  mature  age, 
may  have  received  other  names;  whilst  the  more  compressed 
and  typical  cordati  are  represented  by  A,  Lamberti,  Sow., 
including  the  A.  Jlexicostatus,  of  Phillips,  which  is,  perhaps,  the 
A,  flexuo8U8'C08tatus,  of  Quenstedt. — This  seems  to  have  been  the 
immediate  ancestor  of  the  more  typical  A.  cordatua,  which  occurs 

•  «*  Geology  of  Yorkshire,"  VoL  i.,  PL  vi,  Fig.  17. 
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higher  up.  These  forms  are  numerous  in  the  hottom  hed  of 
"  Oxford  Clay "  of  Scarborough  Castle  Hill,  which  bed  presents 
many  analogies,  as  regards  its  Cephalopoda,  with  the  Eelloway 
Hock  of  Gristhorpe,  i,e.,  with  the  peculiar  bed  now  concealed  by  the 
landslip,  from  which  most  of  the  fossils  marked ''  Gristhorpe  "  bave 
been  obtained. 

Gasteropoda. — The  formation  is  not  rich  in  Univalyes,  but  there 
are  a  few — such  as  Natica  punctura,  Alaria  hiapinosay  Dentalium 
entaloideum — common  to  other  Oolitic  formations ;  whilst  two  very 
handsome  species — an  Alaria  undescribed,  and  Pleurotomaria 
guttata,  Phil,  do  not  seem  to  haye  been  recorded  from  elsewhere. 
Mr.  Leckenby  enumerates  sixteen  species  in  all. 

Of  Lambllibranchiata  species  and  individuals  are  plentiful. 
A  very  characteristic  form,  common  in  the  upper  beds,  is  a  small, 
round  variety  of  Ch^phoea  dilatatd.  Sow. ;  along  with  this  occurs 
a  thumbed  variety,  corresponding  to  the  Gryphcea  bilobata, 
Sow.,  stated  to  occur  in  the  Kelloway  Rock  of  Wiltshire.  The 
species  of  Pecten  are  those  common  to  nearly  all  the  Oolites 
of  this  district.  Lima  is  not  abundant,  but  the  quantity  of 
Avicula  is  very  considerable,  the  bulk  of  the  specimens  having  a 
resemblance  to  the  species  called  A,  Braamburiensis,  Phil.  Indeed, 
Avicula,  ModioUiy  Trigoniay  CardtuMy  and  MyaciUSy  with,  per- 
haps, Lucinay  are  the  prevailing  genera.  On  the  other  hand, 
Crinoidea  and  Echinodermata  are  scarce,  and  usually,  when  found, 
in  a  fragmentary  condition.  The  TrigonicB  are  very  fine,  and 
rather  special  to  the  lower  parts  of  the  formation.  Of  the'Costatas, 
which  are  rare,  T,  elongata.  Sow.,  is  said  to  occur,  as  also  T.  pullua^ 
Sow.  But  there  are  two  species  which  occur  below  the  Cephalo- 
poda Zone,  and  which  have  been  found  in  considerable  quantities  of 
late  years,  the  former  at  Scarborough,  and  the  latter  at  Cay  ton  Bay, 
viz.,  T.  RupellensiSy  D'Orb.,  and  T, paucicostay  Lye.  Mr.  Leckenby 
had  previously  ♦  noted  T,  Eupelleneis  as  a  variety  of  T.  clavellatay 
Sow., much  less  produced  posteriorly,  and  with  the  tubercles  crowded 
on  the  anterior  margin.  Dr.  Lycett  has  taken  one  of  the  names  from 
the  Prodrome  of  D'Orbigny,  and  applied  it  to  this  shell.  It  is  occa- 
sionally found  with  both  valves,  which  looks  as  if  it  had  inhabited 
the  bed  in  which  it  is  now  buried.  The  species  is  subject  to  much 
variation ;  it  does  not  seem  to  have  been  met  with  elsewhere  in 

•  Qoart.  Jonm.  GeoL  Soo.,  Vol.  xv.,  p*  8. 
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Kngtod;  and  this  mnsrk  is  applicable  to  manj  forms  of 
Tri^amia  described  as  species  fFom  the  Yorkshire  Oolites.  It 
woold  almost  seem  as  if  each  sandj  estnarj  had  had  its  own 
peeoliar  trigooia,  and  yet  that  this  was  constantlj  rarjing.  Most 
of  these  forms  hare  representatires  in  the  Sooth  of  England, 
though  hardlj  anj  are  exactly  the  same. 

Bot  if  there  is  some  difficaltj  in  arranging  the  clarellate 
Trigonic  what  shall  we  saj  to  the  extraordinarr  rariet  j  presented 
hfj  a  groap  of  smaller  shells,  which  Dr.  Ljcett  has  described  and 
figured  nnder  the  name  of  T.  paucieosta  1  Thej  belong  to  the 
dirision  of  which  T,  angulaUij  Sow.,  is,  to  a  certain  extent, 
the  type.  It  is  only  when  specimens  are  foand  in  an  nnnsoallj 
fine  state  of  preserration  that  any  account  can  be  taken  of  the 
sum  of  those  minnte  and  erer  varying  differences,  which  are  held 
to  i»eparate  species. 

Bbachiopoda  are  not  very  numerous,  though  in  the  upper  beds 
Rhynchonella  8ociali$,  Phil.,  is  plentiful  enough. 

The  Oxford  Clat. — The  series  of  grey  clays  and  shales,  fre- 
quently rather  sandy,  which  overlie  the  last-mentioned  formation,  is 
just  as  poor  in  fossil  remains  as  the  Kelloway  Rock  is  rich.  This 
poverty  is  of  two  kinds :  first,  a  comparatively  barren  series  of 
beds,  and  secondly,  a  meanness  of  preservation,  which  render  forms 
difficult  of  identification,  and  thus  unattractive  to  the  collector. 
Hence  both  public  and  private  collections  from  the  Oxford  Clay  of 
Yorkshire  are  extremely  unsatisfactory,  both  as  to  numbers,  con- 
dition, and  locality.  The  usual  thickness  on  the  coast  is  from  140 
to  160ft.  Bewicke*  considers  that  in  Newtondale  the  thickness  of 
the  *'  Blue-grey  shale,"  including  three  calcareous  bands,  or  beds 
of  stone,  is  from  120  to  150  feet.  Perhaps  the  best  place  for 
estimating  its  total  thickness  thereabouts  is  in  the  Hole  of  Horcum, 
a  most  curious  cirque  or  cul  de  8ac,  which  has  a  cap  of  Lower 
Calcareous  Orit,  and  a  fioor  of  Kelloway  Rock  ;  the  remainder  of 
the  cirque  consists  of  the  Blue-grey  shales,  with  occasional  cal- 
careous bands.  At  Amplcforth,  as  previously  mentioned,  the 
Oxford  Clay  is  well  developed.  About  two  years  ago  an  extensive 
landslip  took  place  on  the  brow  east  of  the  Roman  Catholic 
College,  and  disclosed  a  great  thickness  of  black  paper- shales, 
containing  fiattonod  impressions  of  A,  vertebralis,  Sow.,  precisely 

•  «*  Q9ologioal  Treatise  on  Cleveland,"  page  78. 
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that  variety  of  the  Cordatiu  familj,  which  is  obtained  so  frequently 
in  doggers  oat  of  the  inferior  beds  of  the  Lower  Galcareoas  Grit 
of  Cayton  Bay.  This  makes  me  think  it  not  improbable  that  the 
inferior  beds  of  the  Lower  Galcareoas  Grit  are  occasionally  re- 
placed by  shales,  and  vice  versa.  If  this  fact  was  fally  established 
it  might  explain  mach  of  the  stratigraphy  of  the  Middle  Oolites 
of  the  Howardian  Hills.  To  such  an  extent  does  this  clay  at 
Ampleforth  resemble,  in  external  appearance,  the  jet-rock  of  the 
Upper  Lias,  that  a  considerable  sum  of  money  has  been  spent 
in  drifting  into  the  hill  side  with  the  hope  of  finding  that 
increasingly  scarce  commodity.  The  Oxford  Clay  is  to  be  found 
in  the  Howardian  Hills  in  a  variety  of  places,  but  so  broken  up 
by  faults  is  this  region  that  its  position  is  not  always  clear.  A 
rough  illustration  (Fig.  10)  of  a  presumed  fault  at  Hovingham 
8pa,  where  the  Coralline  beds  are  brought  down  against  the 
Blue-clay,  is  here  given. 

PSESUMBD  FAULT  AT  HOVINGHAM  SPA. 

Fig.  10. 


HoYuiijfi^tmPtLrk 


a.  Coral  Bag.    b.  CoraUine  Oolite,    c.  Lower  Calcareous  Grit. 

d.  Oxford  Clay.    0.  Fault. 

About  four-and-a-half  miles,  S.E.,  from  Hovingham  Park 
is  the  centre  of  the  great  lake  at  Castle  Howard,  resting  most 
probably  on  Oxford  Clay.  Between  these  two  points  it  would 
not  be  very  easy  to  estimate  the  thickness  of  the  Oxford 
Clay;  but  it  is  not  unlikely  that  hereabouts  sandy  beds  are, 
to  a  certain  extent,  replacing  argillaceous  ones.  Three  miles 
further  to  the  S.E.,  we  arrive  at  Hutton  Banks,  where  there 
is  about  a  mile  of  escarpment  capped  by  Lower  Calcareous  Grit, 
which  quite  reminds  one  of  the  Tabular  Bange  with  a  modified 
Nab,  where  the  Derwent  valley,  in  rounding  the  corner,  describes 
a  curve  of  fully  90°.     There  is  perhaps  70  feet  of  Oxford  Clay 
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here,  inclading  some  hxrd  calcareous  bands.  The  York  and  Scar- 
Ixnrongh  Raflwaj,  by  slicing  off  a  piece  of  the  angle,  displays  s 
good  section  of  the  upper  beds,  rather  a  rarity  in  this  part  of  the 
interior. 

There  is  Tery  little  noticeable  in  the  petrology  or  composition  of 
the  Oxford  Clay.  The  calcareous  and  pyritoos  nodales,  so 
characteristic  of  the  Lias,  and  of  the  "  Speeton  Clay "  are  not 
common ;  this  may  be  the  resolt  of  a  paucity  of  animal  remains, 
and  certainly  it  is  a  poor  formation,  breaking  up  into  cold  unfertile 
clays,  generally  distinguished  by  an  exuberant  growth  of  rushes. 
Pyritized  casts  do  certainly  occur  in  it  both  along  the  coast  and . 
in  the  interior ;  still  few  can  boast  of  many  prizes  from  a  forma- 
tion which,  in  some  places,  constitutes  one  half  the  thickness  of 
the  Middle  Oolites.  If  these  immense  slopes  and  amphitheatres  of 
«  Blue-^ey  shale,''  which  are  such  characteristic  features  of  the 
Castle  Hill,  of  Cay  con  Bay,  and  of  Gristhorpe  Cliffs,  could  be 
made  transparent,  the  relations  between  the  fauna  of  the  Kello- 
way  Rock  and  of  the  Liower  Calcareous  Grit  might  be  deduced 
more  satisfactorily.  It  would  be  interesting,  for  instance,  to 
determine  with  accuracy  where  the  Omatus  ammonites  stop,  as 
this  zone  is  held  by  some  to  be  the  top  of  the  Middle  Jura  in 
N.W.  Germany.  Most  of  the  fossils  found  in  this  formation  at 
Scarboroagh  occur  a  few  feet  only  aboye  the  Kelloway  Rock.  The 
following  species  were  obtained  from  a  somewhat  marly  clay  with 
Oolitic  grains  at  the  base  of  the  Castle  Rock  : — 

Belemniiea  hastatus,  Blain.,  B.  Oweniij  Pratt.,  Ammonitea  Lam- 
berti  (?)  Sow.,  A.  Cordatus,  Sow.,  A.  verUbralts,  Sow.,  A.  MaricB^ 
D'Orb.,  Sp.  allied  to  A.  lunula^  Rein.,  A,  crenatus,  Brug.,  A, 
biplex-convolutua.j  Oryphcta  dilatata,  Sow.,  Pecten  vagans,  Sow. 
(small),  P.  demis9U8,  Phil,  (small),  Hinnites  sp.,  Avicula  incB- 
quivalviSf  Sow.,  A.  clathrata(?)  Leek., Pinna  mitis (?)  Phil.,  Modiola 
bipartila,  Sow.,  CucuUcea  near  to  pectinata,  Phil.,  Cardium,  sp., 
Astarte  carinata,  Phil.,  Pholadomya  simplex^  Phil.,  Myacitea  re- 
curtms,  Phil.,  Myacitea^  sp.,  Terebratula,  small  ovate  species,  and 
Rhynchonella  aocialta,  Phil.  Of  ammonites  foand  as  above,  the 
Cordatus  group  is  by  far  the  most  plentiful,  and  very  much  like 
the  forms  which  occur  in  the  Lower  Calcareous  Grit — more  so, 
perhaps,  than  those  from  the  Kelloway  Rock.  Modiola  bipartita 
is,  also,  very  characteristic  of  the  Lower  Calcareous  Grit,  though 
occurring  likewise  in  the  Kelloway  Rock  ;  but  the  presence  of  the 
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same  long,  narrow  form  of  Belemnite  (B.  Owenii)  strongly 
connects  this  with  the  underlying  deposit.  As  before  stated,  there 
are  reasons  for  connecting  this  bed  at  the  foot  of  the  Castle  Hill, 
although  referred  to  the  "  Oxford  Clay,"  with  the  peculiar  deposit 
occurring  at  the  top  of  the  "  Kelloway  Rock,^'  which  is  at  present 
concealed  by  the  landslip  at  Cun stone  Nab  (Oristhorpe). 

Taking  the  fossils  of  the  Oxford  Clay  of  Yorkshire,  as  seen  in 
various  museums,  we  may  obserye  generally  g^eat  numbers  of 
cordate  ammonites.  In  A.  intemiedius  we  have  an  involute, 
shapeless  mass,  with  a  sharpish  back,  the  outer  whorl  increasing 
in  thickness  towards  the  umbilicus,  which  is  very  deep  and  per- 
pendicular. This  looks  rather  like  A.  excavattts,  one  of  the  adult 
forms  of  the  Cordatus  group.  There  are  several  specimens  of  a 
very  small  and  peculiar  biplex  ammonite,  which  I  believe  to  be  the 
young  form  of  A,  Eugenii  of  Raspail ;  and  in  the  Cambridge 
Museum  there  is  a  fine  specimen  of  A,  perarmatua^  Sow.,  which 
we  should  hardly  look  for  so  low  down  as  the  Oxford  Clay. 

FOSSILS  OF  THE  OXFORD  CLAY  OF  TOEKSHIBB.» 


Obstrvaiions, 

Belemnites  hastattiB,  Blain. 

nmnerons. 

ft 

Owenii,  Pratt. 

stout  form,  oommon  low  dpwn. 

>t 

abbreviattiB,  Mill. 

rare. 

Ammomtea  convolntufl.  Qaenat. 

freqnent. 
rare. 

M 

athleta,  Phil. 

tr 

Engenii,  Hanp. 

York  Muh. 

ft 

perarmatoB,  Sow. 

rare. 

91 

Lambertii  Sow. 

low  down. 

ft 
ft 

cordatnsi  Sow.        "X 
vertebralis,  Sow.    ) 

very  common. 

»f 

Mari®,  D'Orb. 

common. 

» 

hecticus  or  lunula,  Bein. 

>» 

oonlatnB,  Pbil. 

York  Mns. 

»> 

crenatus,  Brag. 

Alaria,  sp. 

Littorina,  or  Tnrbo,  moricaied  speciee.    Camb.  Mns. 
Pleurotomaria,  near  to  grannlata,  Sow.    York  Mns. 
„  depressa,  Phil.  York  Mns. 

Tnrrited  univalve  with  three  whorls.        York  Mns. 
Gryphsoa  dilatata,  Sow. 
Pecten  yaganSi  Sow.  CByh-filrosusJ  t) 

*  Not  intended  to  be  an  ezhanitite  list. 
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OhservatumM. 

Peeten  dpfntfsns,  Phil. 

TerjsmalL 

M       iBaeqiiiooetatiifl  ?  PhiL 

ToricMiia. 

M      articulatiu  ?  Schloi. 

YorkMnB. 

Lima  argillaoea  ?  Ljc. 

YorkMns. 

Aricula  tDaeqniralTis,  Sow. 

plentiful  and 

yy                 SpCClOfl* 

Puma  mitifly  Phfl. 

InooeramnB? 

Hodiola  bipartita,  Sow. 

rery  common. 

Cncallaea  near  to  pectinata,  PhiL 

Nncnla  elliptica,  PbiL 

YarkMns. 

Trigonia  Ceostate  tpeeisaj. 

Cardinmy  sp. 

Astarte  carmata,  PhiL 

plentifoL 

"CorbiaovaliH" 

YoriLMos. 

Pholadomja  simplex,  Phil. 

yy          decnsaatedy  sp. 

YorkMns. 

Myaoites  reconray  PhiL 

»          BP- 

Croniomja,  rery  insBqnilateraL 

York  Mns. 

PanopsBa? 

York  Mns. 

Bhynchonella  socialis,  Phfl. 

Waldheima  impressay  Yon  Bach. 

York  Mns. 

Crinoidal  oolnmnSy  &o. 

ABsuming  the  general  thickness  of  the  Oxford  Clay  npon  the 
coast  to  be  abont  140  feet,  it  may  be  said  that  if  little  is  known  of 
its  organic  contents,  still  less  is  known  of  t}ieir  yertical  distribu- 
tion, beyond  the  fact  that  the  upper  beds  ha^e  the  reputation  of 
being  very  unfossiliferous.      There  appears  to  have  been  a  toler- 
ably rapid  accomulation  of  mud  within  the  area,  becoming  more 
sandy  as  we  ascend  in  the  series  ;    and  this  condition  of  affairs  is 
usually  accompanied  by  a  poverty  of  fossils.      For  purposes  of 
comparison  with  N.W.  Germany — if  it  may  be  deemed  proved 
from  negative  evidence  that  the  omati  do  not  occur  higher  than 
the  top  of  the  Eclloway  Eock — we  must  look  upon  this  great 
thickness  of  beds  as  belonging  quite  as  much  to  the  Upper  as  to 
the  Middle  Jura  of  that  country.     The  prevalence  of  the  Cordatus 
family  at  the  base  of  this  Oxford  Clay  on  the  Yorkshire  Coast  serves 
to  connect  it  with  the  overlying  Lower  Calcareous  Grit  through  200 
feet  of  beds,  as  does  the  A.  hecticua-lunula  group.  On  the  other  hand, 
the  belemnites  seem  to  disconnect  it;  for  we  find  ^.  Ou7^ tV  plentiful 
in  the  lower  part  of  the  Oxford  Clay  of  the  Castle  Hill,  whilst  in 
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the  Lower  Calcareous  Grit  the  stont  dagger-like  form  called  B, 
excentralis,  by  Young  and  Bird,  and  B,  abbi^eviatus,  by  Miller,  is  the 
most  frequent  species.  Notwithstanding  the  thickness  of  the  inter- 
vening mass,  there  seems  to  be,  on  the  whole,  a  considerable  palaeon- 
tological  connection  between  beds  so  far  separated  vertically,  as  the 
base  of  the  argillaceous  series  in  the  Castle  Hill,  and  those  of  the 
lower  part  of  the  Lower  Calcareous  Grit  of  Cay  ton  Bay.  And 
here  the  question  naturally  arises  :  do  the  beds  called  Kelloway 
Bock,  Oxford  Clay,  and  Lower  Calcareous  Grit  (lower  part)  repre- 
sent the  same  value  in  geological  time  with  reference  to  each  other 
at  every  point  throughout  the  seven  miles  of  coast  ?  It  is  cer- 
tainly curious  how  very  local  some  fossils  are ;  but  this,  of  course, 
may  be  the  result  of  accidental  distribution  in  neighbouring  beds 
which  were  absolutely  synchronous. 

Lower  Calcareous  Grit. — As  previously    stated,    the    sub- 
divisions are  of  a  petrological  character.     They  are,  indeed,  the 
natural  divisions  most  obvious  to  the  eye,  both  in  section  and 
across  country ;    and  none  more  so  than  the  Lower  Calcareous 
Grit,  though  it  merges  into,   and,  perhaps  also  in  some  parts, 
almost  replaces  the  Oxford  Clay  below ;  whilst  in  its  upper  portions 
it  so  alternates  with  impure  limestones  and  shelly  beds,  that  it 
becomes  a  question,  again  only  to  be  determined  by  conditions  of 
a  petrological  nature,  where  this  formation  may  be  said  to  end,  ami 
the  Coralline   Oolite  to   commence.     As  the  Lower  Calcareous 
Grit  frequently  constitutes   escarpments  comparatively    bare  of 
vegetation,  it  forms   a  conspicuous  feature  in  the  ranges  of  the 
interior,  and  in  the  little  glens  which  are  cut  through  them  by  the 
numerous  moorland  streams.      It  frequently  occupies  the  summits 
of  the  Tabular  Range,  which  owes  its  peculiar  configuration  in  a 
great  measure  to  these  beds.      This  formation  acquires  very  ex- 
tensive vertical  proportions   in   the    western   escarpment  of  the 
Hambleton    Hills,  which  terminate  the   Tabular  Chain  in  that 
direction.  Whitestone  Cliff  and  Roulston  Scar,  which  dominate  the 
central  vale  of  Yorkshire,  and  form  conspicuous  objects,  as  seen 
from  the  eastern  slopes  of  the  Penine  Range,  exhibit  a  vertical 
face  upwards  of  an  hundred  feet  in  height,  at  an  elevation  of  1000 
feet  above  the  level  of  the  sea,  composed  entirely  of  the  lower  sub- 
division of  this  formation.     This  latter  is  immediately  succeeded  on 
the  dip  slope  to  the  eastwards  by  an  oolite,  which,  in  some  places, 
is  40  feet  thick,  at  least,  and  has  no  exact  representative  on  tho 
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coast.  This,  again,  is  succeeded  by  a  great  thickness  of  calcareons 
grits,  sometimes  in  the  condition  of  loose  sand,  before  we  reach 
the  real  Coralline  Oolite  of  the  Vale  of  Pickering.  The  two  cal- 
careous grits,  with  the  intervening  oolite,  curve  round  at  the  back 
of  Helmsley,  and  appear  in  force  throughout  the  greater  por- 
tion of  the  Tabular  Range.  In  the  Howardian  Hills  the  Lower 
Calcareous  Grit  is  also  of  frequent  occurrence,  and  occupies 
considerable  tracts  of  country.  But  this  system  is  so  broken  by 
faults  and  sudden  tiltings  of  the  strata  that  the  tabular  form,  with 
its  accompanying  nabs,  very  seldom  occurs ;  the  tables  being  more 
or  less  upset,  as  it  were.*  Taken  altogether,  the  Lower  Cal- 
careous Grit  occupies  more  ground  in  Yorkshire  than  any  other 
member  of  the  series  between  the  Lower  Oolites  and  the  Kim- 
meridge  Clay. 

Mineral  Composition. — There  are  some  curious  features  in  the 
composition  of  the  rock.  It  may  be  said  to  commence  wherever 
the  hardening  masses  of  the  Oxford  Clay  become  sufficiently  in- 
durated to  project  in  the.  cliff  as  a  tabular  sheet.  This  line  will, 
no  doubt,  vary  according  to  circumstances,  but  along  the  coast 
may  be  deemed  tolerably  uniform.  Although  there  is  in  some  places 
a  certain  degree  of  shading  off,  as  at  Scarborough,  the  petrological 
contrast  is  usually  very  marked.  Without  dwelling  too  much  upon 
varieties,  it  may  be  said  that  this  lower  part  of  the  Lower  Calcareous 
Grit  is  not  altogether  unlike  a  fine-grained  sponge-cake.  In  colour 
it  is  pale -yellow  or  buff,  of  low  specific  gravity,  and  is,  where  ex- 
posed, almost  devoid  of  calcareous  matter ;  except  where  preserved 
in  doggers  the  shells  occur  only  as  casts.  This  description  applies 
with  more  or  less  exactness  to  many  of  the  freestones,  or  building 
stones,  with  especial  reference  to  the  quarries  at  Oliver's  Mount, 
Brows  Quarry  near  Malton,  Birdsall,  and  the  Park  Quarry  at 
Castle  Howard.  For  purposes  of  special  description  a  specimen  ia 
selected  from  the  latter  quarry,  containing  half  the  aptychus  of  an 
ammonite.  This  fragment  is  useful  as  showing  the  tendency  of 
portions  of  the  Lower  Calcareous  Grit  to  run  into  chert;  it 
appears  to  exhibit  a  sort  of  structure — not  necessarily  organic, 
however — and  represents  an  extreme  phase  of  the  peculiar  cha- 
racteristics of  this  subdivision.  It  is  almost  entirely  devoid  of 
calcic  carbonate,  and  consists  chiefly  of  a  poriferous  mass  of 
siliceous   matter,  which  includes    a  quantity  of    extremely    fine 

•  See  Section,  Fig.  10,  page  879. 
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qnartzose  sand.  The  cherty  portion  exhibits  the  pores  also,  but 
there  they  seem  further  apart  and  less  connected.  Sometimes  the 
pores  are  empty  -  pinhole  structure ;  sometimes  they  contain  a 
white  powder,  which  is  either  silica  or  a  silicate — speckled  structure. 
In  a  greater  or  less  degree  the  above  characters  may  be  recog- 
nised in  very  much  of  these  yellow  sponge-cake  calc  grits,  giving 
rise  to  the  idea  of  the  decomposition  of  granular  bodies  of  almost 
microscopic  minuteness,  which  during  the  formation  of  the  rock  had  . 
formed  no  inconsiderable  portion  of  its  mass,  but  which,  subse- 
quent to  consolidation,  have,  in  most  cases,  been  removed  by  solu- 
tion. There  is  so  much  that  is  peculiar  about  calc  grit — which  is 
neither  a  sandstone  nor  a  limestone,  nor  yet  an  ordinary  mixture 
of  the  two,  that  it  is  almost  impossible,  within  the  limits  of  a 
general  paper,  to  do  justice  to  this  part  of  the  subject.  Briefly, 
then,  it  is  clear  that,  in  some  way  or  other,  calc  grit  is  connected 
with  oolitic  structure,  and  with  coral  beds,  as  it  both  precedes  and 
succeeds  this  class  of  rock.  It  also  alternates  with  oolitic  beds  to 
a  great  extent  in  the  formation  now  under  consideration ;  and 
these  oolitic  beds  are  often  very  sandy,  and,  as  a  rule,  the  granules 
or  ova  are  smaller  than  in  those  of  the  Coralline  Oolite  proper,  or 
of  the  Coral  Rag  when  oolitic  structure  is  developed  in  that  rock. 
It  is  impossible  not  to  believe,  as  regards  the  Lower  Calcareous 
Grit,  that  some  calcareous  beds,  with  more  or  less  of  oolitic  structure, 
were  being  deposited  in  one  area  whilst  more  gritty  beds  were 
being  deposited  in  another  simultaneously ;  indeed,  we  may  feel 
sure,  as  regards  the  entire  formation,  that  one  thing  was  going  on 
at  one  place,  and  another  thing  at  another.  Oolitic  granules  would, 
therefore,  be  conveyed  by  currents  like  so  much  sand;  and  the 
further  they  were  earned  the  smaller  they  would  become,  till  many 
of  them  would  be  no  bigger  than  pins'  heads.  Multitudes  of  such 
bodies  would  be  sealed  up  with  the  grits  in  the  banks  that  were  in 
process  of  formation,  together  with  other  calcareous  matter.  In  the 
course  of  geological  time  many  changes,  due  to  substitution  and 
removal,  have  greatly  modified  such  porous  beds  as  these.  Solutions 
of  silica  and  of  calcic  carbonate,  under  the  influence  of  various 
natural  re- agents,  have  been  perpetually  traversing  these  beds, 
which  seem  also  to  have  been  freely  percolated  by  acidulous  waters. 
That  which  may  have  once  been  the  minutest  of  oolitic  granules, 
transported  far  away  from  the  reef  to  which  it  owed  its  origin,  is 
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soon  dissolved,  and  its  place  is  empty,  or  filled  with  a  more  abiding 
substance,  and  thus  the  pinholes  and  specks  of  calc  grit  may 
have  in  part  arisen.  Part  may  also  be  due  to  Foraminifera ;  bat 
of  this  I  have  at  present  no  actual  proof.  It  may  be  objected  to 
the  above  hypothesis — for  it  is  but  an  hypothesis — that  there  were 
no  reefs  formed  in  the  Oxfordian  Sea  at  the  period  when  the  lower 
portions  of  the  Lower  Calcareous  Grit  were  being  deposited,  and 
from  which  oolitic  granules  could  be  derived.  In  answer  to  this  it 
may  be  stated,  firstly,  that,  as  a  rule,  especially  observable  at  Scar- 
borough Castle  Hill,  the  sponge-cake  rock  is  not  seen  in  the  very 
lowest  beds  (see  Fig.  12),  but  is  most  abundant  usually  in  the  great 
spongy  and  cherty  series  which  constitutes  the  mass  of  the  forma- 
tion ;  and,  secondly,  that  strips  of  fringing  reef  may  well  have  existed 
nearer  in  towards  the  shore,  which  is  presumed  to  have  been  not  far 
from  the  Penine  Range,  and  which  would  have  sufficed  to  supply  the 
granules,  though  for  reasons  before  stated  ♦  all  traces  of  such  reefs 
themselves  may  have  been  removed.  Except  on  some  such 
hypothesis,  it  is  difficult  to  account  for  the  thick  series  of  the 
Hambleton  Oolite  in  the  very  middle  of  the  Lower  Calcareous 
Grit. 

Sorbyf  noticed  a  peculiar  structure  in  some  of  the  calc  grit 
of  Yorkshire;  his  specimens  were  taken  from  **ju8t  below  the 
Coralline  Oolite,**  and  consisted  of  a  number  of  agatized  reniform 
bodies  suggesting  the  idea  of  Foraminifera. 

An  example  of  one  of  the  hard,  heavy,  blue-hearted  bands  is 
exhibited  by  way  of  comparison  with  the  yellow  freestone.  In 
this  case  a  portion  of  the  yellow  sponge-cake  rock,  poor  in  lime,  is 
seen  to  adhere  to  the  heavy  blue-stone.  The  pore,  or  pinhole  struc- 
ture, is  very  manifest  in  the  yellow  portion,  and  may  be  traced 
some  way  into  the  blue,  where,  in  all  probability,  it  only  requires 
differentiation  to  be  brought  out.  The  blue  portion  is  largely 
charged  with  the  carbonates  of  lime  and  iron  ;  and  yet  there  can 
be  little  doubt  that  the  exterior  yellow  portion  was  once  pretty 
nearly  the  same  as  the  blue,  and  only  assumed  its  present  condition 
under  a  slow  process  of  internal  weathering.  This  is  the  case  with 
a  considerable  proportion  of  the  freestones  of  the  Lower  Calca- 
reous Grit ;  for  a  bed  of  freestone,  or  sponge-cake  rock,  when 

*  See  page  870  on  the  former  prolongation  of  the  beds  beyond  the 
ontorop. 

t  Quart.  Jonm.  Geol.  Soo.,  Vol.  vi.»  p.  1.  et  aeq. 
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followed  for  some  distance  into  a  hill  side— as  at  Pickering— 
gradually  assumes  the  hard,  blue,  calcareous  condition.  There 
isy  however,  plenty  of  calc  grit  which  shows  none  of  the  above 
structure. 

There  can  be  no  doubt  that  this  remarkable  formation  constitutes 
the  base  of  the  Oorallian  series,  and  represents,  though  imper- 
fectly, the  commencement  of  the  White  Jura  of  the  Continent. 
At  the  same  time  the  fauna  of  its  lower  portion  has  considerable 
aflSnity  with  that  of  the  underlying  "  Oxford  Clay,"  as  far  as  this 
is  known.  Unfortunately,  the  "  Oxford  Clay"  of  Yorkshire  is  a 
sort  of  terra  incognita  between  the  Ornatus-zone,  as  represented  by 
the  upper  part  of  the  Kelloway  Hock,  and  the  zone  of  A. perarmattiSf 
the  latter  ammonite  being  taken  as  the  type-fossil  of  the  Lower 
Calcareous  Grit,  though  specimens  have  been  obtained  from  the 
Oxford  Clay  of  Yorkshire.  Thus,  in  the  arrangement  of  the 
strata  in  N.W.  Germany,  Dr.  Brauns,  whilst  correlating  the  Oma- 
tus-clays  of  that  country  with  the  upper  part  of  the  Kelloway  Rock* 
of  Yorkshire,  distinctly  identifies  his  **  Heersummer  Schicten" 
{A.  perarmatus -beds)  with  the  Lower  Calcareous  Gritf  of  York- 
shire and  of  Weymouth.  It  therefore  becomes  a  question  of  some 
interest  as  to  what  there  is  in  N.W.  Germany  to  represent  the 
thick  mass  of  sandy  clays,  known  as  the  *'  Oxford  Clay"  of  York- 
shire. 

Fossil  Contents. — The  fossils  of  the  Lower  Calcareous  Grit 
proper,  excluding  the  **  Passage-beds,"  are  many  of  them  obtained 
from  doggers  picked  up  along  the  coast.  Others  may  be  procured 
at  various  freestone-quarries  in  the  interior.  Those  from  Picker- 
ing and  from  the  upper  part  of  the  Filey  and  Scarborough 
sections  belong  to  the  Passage-beds,  or  sandy  limestones,  alter- 
nating, more  or  less,  with  grits  which  marked  the  passage  from 
conditions  producing  calcareous  grits  to  those  which  yielded  the 
purer  Coralline  Oolite.  Any  arrangement  which  attempts  a 
division  between  the  organic  remains  of  a  series  of  beds  which 
may  be  said  to  inosculate,  if  studied  over  a  considerable  extent  of 
country,  must  necessarily  be  somewhat  arbitrary.  Moreover,  it 
cannot  be  too  often  insisted  upon  that  physical  conditions,  varying 
over  different  areas  at  the  same  period,  have  had  more  to  do  with 

•  '*  Mittlere  Jura,"  page  82.  f  "  Obere  Jura,"  page  80. 
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determining  the  mollnscan  life  of  a  given  area  than  any    other 
canse.     These  remarks  are  more  applicable  to  the  Passage-beds 
than  to  the  Lower  Calcareous  Grit  proper,  which  is  more  uniform, 
besides  being  much  poorer  in  its  organic  contents  than  the  beds 
which  connect  it  with  the  Coralline  Oolite. 

In  the  list  subjoined,  which  is  by  no  means  exhaustive,  but  one 
drawn  up  with  a  view  to  give  a  fair  idea  of  the  general  fades  of 
the  fauna  of  the  Lower  Calcareous  Grit,  many  species  occurring  in 
the  Passage-beds  at  Scarborough  and  Filey  are  included,  as  their 
fauna  has  a  certain  affinity  with  that  of  the  former.  Details  will 
be  given  in  treating  of  the  special  sections.  The  fauna  of  the 
Passage-beds  of  Pickering,  on  the  other  hand  though  possessing 
many  points  in  common  with  that  of  the  upper  Passage-beds  of  Filey, 
has  more  affinity  with  that  of  the  Coralline  Oolite — a  subdivision 
of  the  series  which  may  have  been  forming  in  one  place,  whilst  the 
limestones  of  the  Lower  Calcareous  Grit  (or  Passage-beds)  were 
forming  m  another. 

FOSSILS  OF  THE  LOWER  CALCAREOUS  GRIT. 

0.  common.    R.  rare.    LooalitieB,  in  which  certain  fossils  are  known 
to  have  been  found,  occasionally  tndicated. 

Belemnites  abbreviatns,  Mill,  (exoentralis  (?)  T.  h  B.)  C. 

„  hastatns,  Blainv. 

Kantilns  hexagonos,  Sow. 
Ammonites  plicatilis.  Sow.  (convolutns,  Quenst,  pars).   Cayton  Bay. 

,,  Williamsoni,  Phil. 

,,  perarmatns,  Sow.  Filey. 

'1 

cordatns,  Sow.      J 

canalicnlatas*  Monst.  (hecticus-lmmla, 

Quenst.)  Cayton  Bay. 

Katica  pmictnra,  L.  h  M.  Cayton  Bay. 

Chemnitzia,  sp. 

Cerithimn  moricatnm,  Sow,  Filey,  Pickering. 

Alaria  bispinosa,  Phil.  Filey,  Pickering. 

Littorina  or  Turbo,  muricated  sp.  Y.  B. 

Pleurotomaria  reticulata,  Sow. 
Dentalium  entaloidenm,  Desh. 

Ostrea  flabelloides,  Lam.  (diluyiana,  Park).  Filey. 

«,      solitaria.  Sow.  O. 

M       larg^  flat  species  Filey. 

*  OloBdy  allied  to  A  He&rioi,  lyOrb. 


M  Goliathus,  D'Orb. 

yertebralis.  Sow.  ^  Cordati.  Cayton  Bay.     0. 
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GryphsDa  dilatata,  Sow. 

0. 

„          mima,  Phil. 

C. 

Lima,  near  to  g^bosa,  Sow. 

Pecten  snb-fibrosns,  D'Orb. 

0. 

Avicula  ovalis,  Phil. 

Filey,  Appleton. 

„        expansay  PhO. 

„        ep. 

Oliyer^B  Monnt. 

Genrillia  avicnloides,  Sow. 

0. 

Pinna  lanceolata.  Sow. 

0. 

Modiola  bipaitita,  Sow. 

0. 

Trigonia  perlata,  Ag. 

Filey,  Pickering. 

„        triqnetra,  Von  Seebaoh. 

Filey. 

„        Bronnii,  Ag. 

Oliyer's  Mount. 

Lucina  obliqna,  Bnyig. 

Filey. 

„      Beanii,*  Lye. 

Filey. 

Ajstaite  extensa,  Phil. 

Oayton  Bay. 

Isocardia  tenera,  Sow.  (tmnida,  Phil.) 

Cayton  Bay.  0. 

Thracia  incerta,  Thnrmann. 

Filey. 

Pholadomja  angnRtata,  Sow. 

Filey  &  Sc.  0. 

„        cingalata,  Ag. 

Cayton  Bay. 

,f        pancicoBta,t  Ednu 

Homomya  gracilis,  Ag. 

Scarborongh.  C. 

Goniomja  v.  Soripta,  Sow. 

Mjaoites  deonrtatns,  Phil. 

„        reonrvTiB,  Phil. 

Cayton  Bay, 

GresBlya  peregrina,  Phil. 

Terebratnla  Pileyensis,  Walker. 

B. 

Waldheimia  (small)  sp.  n.^ 

HaoknesB,  Filey. 

„             bncoulenta,  Sow. 

Appleton. 

Bhynchonella  Thormanni,  Yoltz.  (variaiiB, 

Schlot.)                  0. 

„            lacnnosa,  Schlot. 

Oliver's  Monnt.  B. 

GlyphflBa  rostrata,  Phil. 

Appleton. 

,,      scabrosa,  Phil. 

Appleton. 

YermetnB  concinnns,  Sow. 

Holectypos  depressas,  Lam. 

C. 

Pygnrufl  pentagonaliB,  Phil. 

CollyriteB  bicordata,  Leske. 

EchinobriBSOS  Bcntatos,  Lam. 

C. 

Psendodiadema  yersipora,  Phil. 

Filey. 

Asteropecten  rectos,  M'Coy. 

MillericrinoB  echinatns,  Goldf. 

C. 

Thamnastrasa  ooncinna,  Goldf. 

Hackness. 

*  There  seems  to  be  Bome  doubt  as  to  the  oorreot  name  of  this  Bhell,  which  is  probably 
the  Astarte  rotvndata  of  Bean,  M.S.,  and  might  past  for  a  imall  rariety  of  A,  olima, 
Phil. 

-t  Includes  deltoid  forms  of  great  Tariety. 

X  W.  HiMilMtani,  J.  F.  Walker,  MS. 
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Bliabdoi^jllia  Edwards,  ITCq^.  lf»^\^,^^, 

BpoDgia  florioepe,  Phil. 

tt       sp*  Bilicified. 
Ckmif erons  wood  and  fruits. 

Ob8ervationb  oh  the  List  of  Fossils. — One  great  featare 
of  the  Lower  Galcareons  Grit  of  Yorkshire  is  the  number  of 
enonnons  ammonites  which  it  contains.  Many  names  haye  at 
yarious  times,  and  in  several  localities,  been  given  to  different 
stages  of  growth  of  this  variable  genus.  Three  principal  groups 
are  recognisable,  of  which  A,  cordatuSy  A,  perarmatuSy  and,  A. 
plicatilis  {convolutus)  may  be  deemed  respectively  the  types. 

The  Gordatus  group  is  well  represented  in  all  its  branches,  from 
the  base  of  the  Oxford  Clay  of  the  Castle  Hill  to  the  top  of  the 
Lower  Calcareous  Qrit  of  Filey  Brigg,  including  the  Passage- 
beds,  t.tf.,  through  upwards  of  200  feet  of  strata,  as  repre- 
sented on  the  coast.  Mature  ammonites  of  this  group  have  gone 
by  the  names  of  A,  excavatus,  and  A,  SvtherlandicB  {Goliathus?)  ; 
yet  so  difficult  is  it  to  believe  that  the  finely-marked  A,  cordatua,  or 
even  the  bolder  variety,  A.  vertebralis,  could,  even  in  old  age,  assame 
these  obese  and  unomamented  forms  that  nothing  short  of  finding 
forms,  which  have  received  such  names,  inside  the  large  ones  would 
ever  induce  palaeontologists  to  believe  in  its  possibility.  Through- 
out the  series  of  beds  there  are,  or  seem  to  be,  two  very  well- 
marked  varieties,  known  on  the  coast  as  the  fat  one  and  the  thin 
one.  Li  the  very  fat  one  the  cordate  character  seems  almost  lost. 
Great  stony  globes,  weighing  upwards  of  one  hundred-weight, 
representing  casts  of  this  monster,  have,  according  to  Mr. 
Leckenby,*  been  picked  up  on  the  rocks  about  Filey  Brigg. 

A.  perarmatus  is  looked  upon  as  a  type  fossil  of  the  formation. 
Good  examples  of  this  well-known  form  are  not  readily  procurable 
at  the  present  day.  The  best  preserved  specimens  have  generally 
been  obtained  from  doggers  fallen  out  of  the  cliff.  Thus  the  limit 
of  its  occurrence  is  not  easy  to  define.  It  certainly  occurs  in  the 
Oxford  Clay,  but  appears  never  to  ascend  into  the  Coralline  Oolite, 
nor  have  I  heard  of  its  occurrence  in  the  Passage-beds  of  Picker- 
ing. Hence,  as  compared  with  the  previous  group,  its  range  is 
limited.  The  freestone  quarries  of  the  interior,  when  low  enough 
down,  frequently  contain  it ;  but  the  specimens  not  being  preserved 

*  Article  in  a  Guide  to  Filey. 
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in  concretionary  masses  occur  only  as  casts,  usually  ratber  com- 
pressed. In  this  state  specimens  are  somewhat  different  in  form, 
and  never  exhibit  tbose  wonderful  spikes,  wbicb  may  be  seen  to 
perfection  in  the  collection  at  the  Cambridge  Museum. 

There  is  another  species  of  ammonite,  wbicb  is  referred  to  tbe  A, 
Williainsoni  of  Phillips.  It  appears  to  be  ratber  abiplex  ammonite 
when  young,  whilst  in  the  more  mature  stage  tbe  ribs  become  stout, 
and  moderately  tuberculated.  It  comes  pretty  near  to  an  ammonite 
figured  by  D'Orbigny,  under  tbe  name  of  A,  Constantii  (PI.  186), 
and  belongs  to  a  group,  of  which  A,  athleta^  A .  AfxluennensiSj  and 
A.  Eugenii  are  the  representatives.  This  group  seems  intermediate 
between  the  armati  and  the  plicatiloid  ammonites.  Tbougb  squarish 
and  ratber  tuberculated  in  tbe  final  whorl,  it  belongs  to  the  genus 
Perisphtnctes  of  Waagen,  which  includes  also  the  plicatiloid  ammo- 
nites. As  far  as  I  have  been  able  to  ascertain,  its  principal  borLeon 
is  in  tbe  lower  division  of  the  Passage-beds,  adopting  the  coast 
section  as  the  type.  It  certainly  occurs  in  the  ^*  Red  beds"  of 
the  Castle  Hill,  and,  I  am  informed,  in  the  lower  fossili- 
ferous  zone  (B,  dy  lower  part)  of  the  Garr  Naze  section  (Filey 
Brigg).  I  have  also  found  it  on  Seamer  Moor,  where  the  '^  Red 
beds"  crop  out  between  the  Coralline  Oolite  and  the  Lower 
Calcareous  Grit  proper.  There  are  some  magnificent  specimens 
in  tbe  Leckenby  Collection  at  the  Cambridge  Museum,  of  which 
the  figure  in  Phillips'  *'  Geology  of  the  Yorkshire  Coast,"  PI.  iy„ 
Fig.  19,  gives  but  an  imperfect  idea.  In  tbe  Scarborough  Museum 
there  is  a  specimen,  about  6  in.  in  diameter,  which  shows  the  interior 
whorls  to  perfection.  In  tbe  early  stage  the  back  is  perfectly  round, 
like  A,  plicatilis  or  A.  convolutw,  with  very  sharp  ribs,  which  occa- 
sionally bifurcate  close  to  the  umbilical  margin  of  the  whorl.  The 
general  character  is  non-involute ;  tbe  last  whorl  increases  with  some 
rapidity,  but  scarcely  encloses  any  of  the  preceding  one ;  it  has 
straight  single  ribs,  of  considerable  thickness,  which  are  slightly 
tuberculated  over  the  dorsal  border,  giving  a  certain  tendency  to 
angularity  in  section,  though  not  quite  to  the  extent  shown  in 
Phillips'  figure. 

Tbe  last  of  tbe  three  great  groups  of  ammonites  is  A,  plicatilis 
{convolutus  ?)  and  its  allies.  This  is  essentially  the  biplex  ammonite 
of  the  horizon,  and,  in  the  young  stage  at  least,  has  strong  affinities 
with  certain  forms  found  in  the  Kelloway  Rock.  A.  plicatilis 
ascends  much  higher  than  A,  perarmoUuSf  and  is  well  developed  in 
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B«i5oH.  llif  f<0c5ar  tL5i:k€Birx  cf  tbf  ribs  in  the  final 
vVjfi  k  fr^q^eBtir  ccs^rcd  ra  f^-erat-eij  fcin  Pkkwing,  and  other 
plao0L  It  is  nwre  espcGaZxr  tLe  *-  sake"  loth  of  the  freestone 
and  hsa^istrjut  qoames.  In  ^bt  Im.iut  it  u  alvajs  deToid  of  shell, 
'Mbd  af^pean  oolj  a«  a  cast:  acd  in  most  cases  we  mnst  admit 
thai  the  state  <d  preserratkn  is  i«ot  alvajs  what  eoold  be  desired 
for  fmr^jffes  of  determination.  Hence  there  mar  be  rarieties 
wortfajof  a  sjii^fie  name.  Much  might  be  done  towaixls  clearing  np 
inch  donbtfbl  points  as  these,  if  greater  attention  had  been  paid  in 
the  rarioos  collections  to  recording  the  precise  localities  from  which 
specimens  have  come.  In  this  waj,  if  it  conld  be  shown  that 
partiealar  rarieties,  eren  if  the  difference  were  ever  so  small, 
persisted  orer  certain  geological  horizons,  such  varieties  are 
worthy  of  receiriDg  distinctive  names,  though  the  biological 
Talae  of  the  differences  maj  be  trifling.  Thas  a  persistent 
rarietj,  if  proved  to  be  sncb,  becomes  of  immense  importance  to 
the  geologist  as  a  landmark,  and  therefore  has  something  more 
than  a  mere  biological  value.  At  the  same  time  great  care  mnst 
be  taken,  in  the  case  of  ammonites,  that  two  or  three  stages  of 
life  do  not  receive  specific  or  even  varietal  names.  D'Orbigny,  in 
this  instance  proceeding  in  an  opposite  direction,  has  swept  np  a 
number  of  species  under  the  heading  A.  plicatilis.  Speaking,  from 
my  own  experience  only,  of  Yorkshire  specimens  of  this  group,  it 
first  appears  in  the  cherty  limestone  nodules  of  Cayton  Bay,  a  noted 
locality  for  Lower  Calcareous  Grit  fossils,  and  very  low  down  in  the 
suricM.  There  seems  to  be  really  no  difference  between  forms  from 
this  locality,  which  I  have  never  seen  of  any  size,  and  the  A.  con- 
volutna  of  the  Kelloway  Rock.  Elsewhere  it  does  not  seem  particu- 
larly plentiful  in  the  Lower  Calcareous  Grit  proper,  but  as  a  fossil 
of  immense  size  occurs  in  great  abundance  in  the  Passage>beds  at 
Pickering.     In  the  final  whorl  all  biplication  ceases,  and  a  very  few 

•  *•  Bridgewater  Treatise/'  T.  42,  Fig.  7. 
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stout,  but  perfectly  smooth,  ribs  come  on.  The  figure  in 
D'Orbigny.  "  Terrain  Jurassique/'  Vol.  i.  (Atlas),  PI.  191,  described 
Vol.  i.  (Text),  p.  509,  as  A,  plicatilis,  is  not  unlike  some  of 
these  Pickering  ammonites.  The  conmion  ammonite  of  the  Coral- 
line Oolite  is  decidedly  some  form  of  A.  plicatilia ;  but  I  have 
seen  very  large  specimens  at  Pickering  and  Malton  high  up  in  the 
Coralline  Oolite,  and  almost  bordering  the  Coral  Rag,  which  have 
these  thick  ribs  in  the  final  whorl  rather  tuberculated,  and  which 
are  more  like  the  A.  varicostatus  than  those  from  lower  beds. 
But  these  are  questions  too  purely  palseontological  for  the  pre- 
sent communication.  The  intricate  morphology  of  the  individual 
in  growth,  and  of  the  race  in  time,  can  only  be  worked  out  by 
special  attention  to  the  subject,  in  combination  with  the  utmost 
facilities  for  the  examination  of  numerous  and  authenticated  speci- 
mens. 

A  very  brief  notice  of  the  remainder  of  the  fossils  must  suffice. 
It  is  evident  that  Gasteropoda  are  not  numerous,  and  in  the 
Lower  Calcareous  Grit  proper  are  very  scarce  indeed.  Alaria  hi- 
spinosa  and  Dentalium  are  the  forms  most  frequently  seen  by  me  in 
the  lower  beds.  Cerithium  muricatum  is  a  Coralline  Oolite  species, 
which  I  have  never  seen  in  the  Rag  beds  ;  it  is  particularly  plen- 
tiful in  a  shelly  bed  at  Pickering,  but  rather  scarce  in  the  Liower 
Calcareous  Grit  proper.  The  occurrence  of  Littorina  muricataj 
presuming  the  specimen  to  have  been  correctly  named^  so  low 
down  is  remarkable ;  it  has  never  occurred  to  me  even  in  the 
Coralline  Oolite,  but  everyone  knows  it  to  be  perhaps  t?ie  most 
abundant  fossil  of  the  Coral  Rag. 

There  are,  of  course,  abundance  of  oysters,  Oryphcea  dilatata^ 
in  every  variety,  and  quantities  of  the  little  oyster  called  by 
Phillips  Gryphcea  mima^  which  does  not  seem  to  differ  much 
from  the  Exogyra  nana  of  Sowerby  ;  it  is  especially  numerous 
on  Scarborough  Castle  Hill.  Of  the  other  Monomyaria,  Gervillia 
is  by  far  the  most  abundant,  especially  in  the  Passage-beds,  both 
upper  and  lower,  of  the  coast  sections,  as  subsequently  given. 
Specimens  attaining  enormous  dimensions  occur  at  Filey,  on  the 
coast,  and  at  Cropton,  in  the  interior.  Modiola  bipartita  is 
another  characteristic  Oxfordian  species,  very  common  in  the 
Lower  Calcareous  Grit  proper.  Clavellate  trigonias  occur,  though 
not  abundantly,  in  the  lower  sub-division :  but  at  Filey  huge 
specimens  of  T,  triquetra  are  met  with ;  this  fossil  is  evidently 
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mated  to  the  T.  perlxta  of  the  Hckering  beds.     A  eoosidermble 
grcnp  of  the  Mjaci'ije  aod  Anatiiiidc  dotse  the  list  of  the  Coii- 

chifvn. 

BracLiofoda  are  not  Terr  plentiiiil,  but  much  more  so  thsn 
in  tLe  ConlliDe  Oolite,  where  I  scarcelj  erer  remember  to 
hare  teen  a  specimen.*  By  far  the  most  common  form  is  the 
Ehynchm^fUa^  which  Mr.  Walker  identifies  with  the  R,  Tkmr^ 
majtni  of  Voltz.  It  is  particalarlr  abondant  in  the  quarries  of 
Castle  Howard  Park,  associated  with  A.  perarmaitu ;  this  is  h>w 
down  in  the  formation.  We  meet  it  again  at  Appleton  and 
Birdball,  in  the  bnilding-stone  qnarries,  and  on  the  coast  it  is 
rery  characteristic  of  part  of  the  lower  Passage-beds  at  FQej 
(Fig  13),  where  it  occurs  with  Tenbratula  FileyemiSj  Walker, 
and  manj  other  fossils.  It  is  essentially  one  of  the  f'  leit* 
fossils"  of  the  Lower  Calcareous  Grit. 

Of  the  Echinoidea  it  is  remarkable  that  the  mamillated  species, 
80  nomerons  in,  and  characteristic  of,  the  Coral  Bag,  scarcely 
enter  an  appearance  either  in  the  Lower  Calcareous  Grit  or 
Coralline  Oolite.  Pseudodiadema  versipora  is  certainly  found 
in  the  Lower  Calcareous  Grit,  but  its  occurrence  is  probablj 
not  frequent.  The  most  characteristic  are  Holectypus  depreuwt^ 
and  especially  Echinobrtssus  scutatus,  which  latter,  however,  ascends 
into  the  Coral  Bag,  as  does  Collyrites  bicordata.^  These  urchins 
are  not  very  plentiful  in  the  grit  beds,  but  some  of  them,  especially 
E,  scirtatus,  abound  in  the  more  calcareous  parts,  though  when 
we  come  to  purer  Coralline  Oolite  they  seem  scarcer  again. 

Special   Sections. 

There  are  so  many  places  where  the  Lower  Calcareous  Grit  may 
be  examined  that  it  is  no  easy  matter  to  select  what  may  be 
termed  representative  sections.  On  the  coast  the  most  complete 
section  is  to  be  seen  on  Scarboroagh  Castle  Hill. 

Dkscbiption  Of  THE  Castle  Tabd  and  Hill,  ScASBOROUOH.t — ^Tho 
aroa  of  the  actual  Yard  is  stated  in  the  Guide  Books  to  be  a  little  over 
Bcvontoon  acreH.  It  constituteB  the  tabular  summit  of  a  lozeng^-ahaped 
poninsula,  which  is  about  270  feet  high  at  the  north  end,  and  about  190 

*  T9rebrutula  tn«tani«,  Sohub.  oocnrs  sparingly  In  some  parte  of  the  Ooral  Raff, 
f  i.«.~It  is  found  in  tb«  fine  interooralline  deposits  of  the  C%dari$  JU>rig*mvM  wne,  ■noh 
as  ooonr  at  HUdtmlnr. 
X  See  Fig.  11.  in  Plato. 
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feet  at  the  sonth  end.  The  straotare  of  this  isolated  eminenoe  is  of  great 
interest  in  a  stratigraphical  point  of  view.  The  tabular  hill  is  cut  off 
from  the  mainland  by  two  faults,  which  probably  meet  at  an  angle.  The 
triangnlar  space,  on  the  north-west  side,  at  the  foot  of  the  Castle  Cliff, 
represents  a  wedge-shaped  mass  of  lower  beds  which  comes  to  a  point  jnst 
at  the  top  of  the  moat.  The  result  is,  that  close  to  the  drawbridge  the 
Kelloway  Rock  is  foond  jammed  between  two  walls  of  Lower  Calcareoos 
Grit.  After  passing  through  the  archway  (beneath  the  drawbridge),  and 
turning  sharp  to  the  right,  we  find  the  top  irony  beds  of  the  Kelloway 
Bock  still  in  position  for  a  few  yards ;  then,  for  a  space  of  thirty  to  forty 
yards,  there  is  no  reliable  exposure.  Finally,  about  forty -five  yards  E.N.E. 
of  the  archway,  we  come  upon  a  face  of  rock  where  the  **  Bed-beds  **  of 
the  Lower  Calcareous  Grit  are  found  dipping  N.N.E.  10^,  and  rather  away 
from  the  fault,  which,  at  this  point,  has  a  downthrow  on  the  east  side  of 
perhaps  180  feet.  This  fault  then  runs  out  nearly  due  north  from  here  to 
the  North  Steel,  where  an  irony  buttress  of  Kelloway  Bock,  exposed  on 
the  downthrow  side,  forms  a  protecting  salient  to  which  the  preservation  of 
this  curious  fragment  of  the  Middle  Oolites  is,  in  a  secondary  sense,  due ; 
it  dips  S.E.  by  E.  5^.  At  the  southern  extremity  of  the  lozenge  there  is  a 
far  larger  buttress,  which  dips  N.E.  by  E.  as  much  as  10^  in  some  places, 
and  crops  out  on  the  west  side,  where  it  presents  a  little  sandstone  pre- 
cipice about  forty  feet  high,  facing  the  harbour,  and  probably  coincident 
with  the  fault  which  determines  the  S.W.  side  of  the  Castle  Hill.  As  the 
dip  of  the  two  extremities  of  the  lozenge  is  inwards,  but  also  easterly,  it 
follows  that  the  isolated  mass  of  the  Castle  Hill  forms  a  slight  synclinal 
with  an  inclination  seawards.  It  is  curious  to  observe  how  little  the  dip  of 
the  Lower  Calcareous  Grit  is  affected  by  these  strong  dips  of  the  Kelloway 
sandstone.  Equilibrium  seems  to  have  been  produced  at  the  expense  of 
the  Oxford  Clay. 

GENEBAL  SECTION  OF  THE  CASTLE  HILL,  NOBTH  SIDE. 

(In  Descending  Order.) 


Soil,  drift,  and  rubble 

Coralline  Oolite     (A) 

Passage  Beds       (B) 

Lower  Calcareous  Grit  proper    (C) 

Oxford  Clay  (D) 

Kelloway  Bock  (top  only  visible)  (E) 


FT. 

IN. 

...      10 

0 

...     24 

0 

...     28 

0 

...     66 

0 

...  135 

0 

...      8 

0 

271    0 


The  Kelloway  Rock  and  Oxford  Clay  of  this  section  having 
already  been  considered,  there  remains  the  Lower  Calcareous  Grit, 
Passage  Beds,  and  Coralline  Oolite,  making,  as  here  developed, 
aboat  118  feet  of  beds. 
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EXPLANATION  OF  THE  SECTION. 

FiGUBE   12. 

IT.   IN. 

A. 

Coralline  Oolite — 

Ova-beds  above  square  bed 

17  O 

Square  bed           ... 

2  0 

Oya-beds  below  square  bed   ... 

5  0 

B, 

Passage  Beds — 
a.  Upper    Division,    con- 
taining   the     principal 

Gervillia-beds 

11  0 

b.  Lower     Division    (Bed 

beds) ;  here  the  principal 

limestone  of  the  Lower 

Calcareons  Grit 

17  0 

C. 

Lower    Calcareous    Grit 

PBOPER — 

c.  Loose  sands  with  dog- 

ic"I!o              •••                 •••                ••• 

18  0 

d.  Principal  chert  bed    ... 

S  4 

e.  Bough  (sponge  ?)  Grits 

30  0 

/.  Basement  [beds 

15  0 

118     4 


0.  C.  Oxford  Clat. 
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Coralline  Oolite. — The  upper  por- 
tion of  the  Oolite  decomposes  in  to  a  sort 
of  rubble  which  mixes  with  the  drift  and 
soil  atop ;  but  we  may  measure  about 
17  feet  of  white,  fine-gprained  oolite  in 
beds  about  two  feet  thick,  parted  ooca- 
sionallj  by  softer  and  more  friable 
material.  There  are  a  few  sheUs  in 
layers,  principally  small  O^treaand  (7«r. 
villia.  The  comparative  rarity  of  Uni- 
valves is  remarkable,  as  here  we  should 
expect  to  find  plenty  of  Chenvnitaia  and 
Nerinteaf  so  abundant  in  many  places 
about  this  horizon.  The  "  square  bed" 
is  an  extremely  fine-grained  oolite, . 
apparently  without  shells;  it  forms  a 
marked  line  in  the  cliff  from  its  regu- 
larity and  smooth  mural  surface,  but 
otherwise  is  not  worthy  of  especial 
notice.  Below  this  we  have  five  feet  ol 
white  shelly  limestones,  slightly  oolitic,  and  mnch  roughened  by  black  pro- 
jections :  they  weather  unequally,  forming  ledges  and  corridors;  the  lowest 
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of  these  contains  a  line  of  small  irony  nodnles.  The  division  is  not  a 
particnlarly  good  one ;  but  these  nodules  mark  a  line  of  some  sort,  and 
the  beds  below  are,  for  a  few  feet,  extremely  f ossilif erons.  The  nodules  may 
indicate  the  presence  of  sponges  of  the  genus  Manon  ?  or  Achillewn  ?  of 
which  there  are  several  specimens  to  be  met  with  about  this  horizon. 

Passage-beds. — Next  in  descending  order  is  the  upper  division  of  the 
Passage-beds  (jB,  a,  fig.  12).  The  two  highest  layers,  with  an  intermediate 
brash  parting,  are  three  feet  four  inches  thick,  and  contain  a  considerable 
number  of  fossils,  of  which  Qervillia  avtculoides  is  by  far  the  most  numerous. 
They  may  be  easily  reached  in  the  angle  of  the  cliff,  just  under  the  north 
battery,  where  they  form  a  sort  of  corridor,  along  which  it  is  possible  to  creep 
for  a  short  distance.  Cylindriies  elongata,  Astarte  Duboisianaf  D'Orb., 
Trigonia  perlata  ?  Sowerhya  triangularis,  two  species  of  myacif orm  shells, 
Rhynchonella  Thwrmanni  (rarely),  EcMnobrissus  scutatuSt  Millericrvnus  eehi' 
luUtLS,  Spongia  Jloriceps,  and  the  sponge  doubtfully  referred  to  Ma/non,  have 
here  been  observed  by  me;  together  with  the  inevitable  Qryphosa  mima 
and  Pecten  sttbfihrosuSf  which  pervade  all  these  beds  without  distinction, 
both  above  and  below.  These  shelly  beds,  however,  are  by  no  means  con« 
stant  in  character;  for  if  we  trace  them  towards  the  N.E.  in  the  direction 
of  the  Flagstaff  Bock — rather  a  perilous  proceeding — they  begin  to  alter, 
and  blocks  of  impure  gritty  limestones,  with  few  fossils,  are  observed  to 
take  their  place.  The  bottom  shelly  layer  of  this  series,  on  the  contrary^ 
which,  in  the  angle  beneath  the  North  Battery,  is  less  rich  in  fossils  than 
the  two  upper  ones — ^becomes,  in  the  direction  of  the  Flagstaff,  much  more 
largely  developed.  The  intervening  layers  (making  up  the  total  thickness 
of  eleven  feet)  consist  of  impure  gritty  limestones  rather  false  bedded.  It 
is  quite  possible  that  an  expansion  of  one  of  the  gritty  portions  of  these 
beds  may  represent  a  sort  of  equivalent  to  the  great  grit  of  Filey  Brigg 
(see  Fig.  13),  and  even  of  the  Middle  Calcareous  Grit  of  Mr.  Fox  Strang- 
ways.  Bat  the  thinning  out  of  the  two  upper  shell-beds,  as  previously 
noted,  shows  how  local  and  unreliable  these  indications  are.  Such  shell- 
bods  merely  represent  the  accidental  accumulation  of  the  remains  of  the 
fauna  of  the  period,  which  the  presence  of  a  little  argillaceous  impurity 
has  rather  preserved  from  the  powerful  cementing  action  to  which  the 
purer  limestones  have  been  subjected.  The  same  species  are,  for  the  most 
part,  scattered  throughout  the  adjacent  rock.  Hence  these  shell-beds  can 
never  be  exactly  paralleled  in  other  localities,  and  all  that  can  be  expected 
is  that  we  should  be  somewhere  about  the  mark.  The  top  beds  of  this 
group,  merely  named  for  the  sake  of  distinction  the  Upper  Passage-beds, 
might  be  referred  either  to  the  Coralline  Oolite  or  Lower  Calcareous  Grit. 
The  limestones,  however,  are  becoming  more  impure  as  we  descend. 

The  "  Bed  beds"  (B,  b,  fig.  12)  consist  of  coarse  gritty  limestones,  largely 
made  up  of  comminnted  shell  and  sand.  They  are  of  moderate  thickness 
and  very  hard,  the  surface  being  much  roughened  by  Qryphcea  mima,  &o. 
Some  of  the  shells  of  the  upper  beds  occur,  but  more  sparingly.  Qervillia 
aviculoideSf  for  instance,  often  occurs  throughout;  but  there  are  swarms 
of  Pecten  ruhfihrosua  and  QryphcBa  mima,  almost  to  the  exclusion  of  more 
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interesting  forms.  Indeed,  Peter  Cnllen  attributes  the  oomparatire  porerty 
of  these  beds  to  the  natural  objection  of  other  mollnsoa  to  be  "  growed  all 
over  with  nasty  little  oysters."  Bnt  the  beds  are  very  hard  and  in- 
destmctible,  which  is  nnfavonrable  to  collecting.  I  have  noticed,  besides 
those  fossils  already  mentioned,  Belemnites  hastatus.  Ammonites  cordottM, 
A,  vertebraUs,  A,  WilUamaoni,  Lima,  near  to  L.  gibbosa,  Sow.,  EchinobrissuM 
Mcutatus,  also  a  peculiar  variety  of  EchinobHssiM,  MiUericrinut  echinatus^ 
Ostrea  aolitoHa,  &o.  The  principal  zone  for  ammonites  seems  to  be  abont 
the  base  of  these  Bed.beds,  and  in  the  doggers  of  the  underlying  loose 
grit.  From  hereabouts  A,  WilUamsonif  A,  GhliathuSf  and  other  cordate 
ammonites  have  been  obtained.  Their  position  with  regard  to  the  under- 
lying beds  is  so  unmistakable  that  we  can  scarcely  be  wrong  in  correlating 
these  "  Bed  beds,"  in  a  general  way,  with  those  in  an  analogous  position  at 
Filey  (B,  d.  Fig.  13),  though  there  we  have  a  richer  fauna.  Between 
Scarborough  and  Forge  Valley  they  may  be  very  fairly  made  out,  and 
also  at  Hackness.  Iron  is  much  disseminated  throughout,  and  shows  as  a 
reddish 'yellow  oxide  in  the  softer  layers,  which  are  partially  decomposed, 
and  thus  form  little  galleries  between  the  hard  layers.  This  g^ves  a 
ferruginous  aspect  to  the  gn^oup.  The  lower  portions  exhibit  a  greater 
amount  of  this  reddening,  and,  at  the  same  time,  contain  bands  and  layers 
of  intensely  hard  concretionary  nodules,  usually  full  of  shells,  which  are 
very  splintery.  In  a  slab,  at  the  base  of  this  series,  overhanging  the  soft 
beds  which  succeed,  is  a  large  specimen  of  Nautilus,  which  has  occupied 
this  prominent  position,  in  spite  of  the  elements  and  of  the  hammers  of 
geolog^ts,  for  upwards  of  forty  years — a  proof  that  denudation  has  not  of 
late  been  very  rapid  on  the  surface  of  this  cliff. 

Lower  Calcareous  Chit  Proper. — Below  these  last  beds  occur  18ft.  (C,  c.  Fig. 
12)  of  loose  yellowish  grit  of  medium  g^in,  in  which  there  are  two  layers  of 
enormous  doggers.  Some  of  these  contain  great  masses  of  shells,  whk^ 
towards  the  exterior  of  the  ball  occur  as  casts  only  in  an  adhering  grit  devoid 
of  lime;  whilst  the  interior  is  a  mass  of  such  intensely  hard  blue  irony 
limestone  that  all  the  shells  are  firmly  sealed  up  in  it.  Pecten  suhfibrosus, 
AvicuXa  sp.,  Qryphcea  mima,  Cardium  sp.,  Dentalium  entaloideumf  &o,,  young 
of  a  cordate  ammonite,  and  a  fruit  were  noticed  in  one.  The  forty  inch 
chert-bed  (C,  d,  Fig.  12)  iso  ne  of  those  intensely  hard  bands  which,  in  the 
interior,  are  often  used  for  road  stone.  The  upper  portion  weathers  in  a 
very  honeycomb  fashion;  the  interior  is  an  impure  siliceous  rock,  con- 
taining  a  little  calcic  carbonate,  and  exhibiting — especially  in  the  lower 
part — the  pore  or  pinhole  structure,  to  which  allusion  has  previously  been 
made.  Much  silicified  wood  occurs  in  this  bed.  Next  in  descending  order 
we  have  thirty  feet  fC,  e,  Fig.  12)  of  spongiferous  (?)  calcareous  grit,  in 
large  blocks,  rough  enough  to  roll  a  Begulns  upon.  This  subdivision  may 
be  looked  upon  as  the  backbone  of  the  Lower  Calcareous  Grit  proper,  aud 
the  one  which  throughout  the  interior  supplies  most  of  the  building  stones, 
though  not  all.  It  contains  the  greater  proportion  of  the  sponge-cake  rock, 
and  the  fossils  usually  occur  as  casts.  The  specimens  from  Gayton  Bay 
are  derived  from  fallen  blocks,  which  belong,  to  the  best  of  my  knowledge, 
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to  what  are  the  eqniTBlents  of  the  lower  part  of  these  beds,  or,  perhaps,  of 
the  npper  part  of  the  next  series,  in  deeoending  order.  At  Scarborongh 
fossils  are  not  nnmerons,  thongh  Pecten  suhfibroaua  and  ChryphcBa  mima  still 
muster  comparatively  well,  as  they  do  thronghout  the  whole  vertical  section 
of  the  Lower  Calcareous  Grit  in  this  place.  Besides  these,  I  have  noticed 
Terehratula  FileyensiSf*  Pinna  (very  plentiful  in  the  beds  below),  OervilUa, 
Alaria  hispinosa,  and  Pleurotomaria  sp.  There  is  little  or  no  lime  on  the 
exterior  of  the  beds,  which  may  be  taken  as  typical  Lower  Calcareous 
Grit  after  long  exposure .  to  the  atmosphere ;  colour  golden-yellow  to  buff. 
The  blocks  contain,  parallel  with  the  bedding,  ramose  projections  which 
appear  like  stags'  horns,  and  also,  both  on  the  vertical  and  horizontal  face, 
immense  quantities  of  sponges  (?)  roughened  by  small  adherent  shells. 
Such  blocks  strew  the  beach  at  the  foot  of  the  cliff,  and  are  certain  to  attract 
attention  from  the  curious  fig^es  which  weathering  brings  out  intdl  ^lief. 
These  peculiarities  grow  fainter  as  we  descend  toward  the  Oxford  Clay;  and 
the  formation  may  be  said  to  commence  with  about  fifteen  feet  (C,/,  Fig.  12) 
of  a  meagre  argillaceous  sandstone,  which  breaks  into  cuboidal  fragments, 
and  shows  but  few  inequalities  in  weathering. 

Tbese  various  portions  of  the  Coralline  Oolite  and  Lower  Cal- 
careous Grit  are  not  all  approachable  for  purposes  of  investigation 
at  any  one  spot.  Nearly  the  whole  of  the  Middle  Oolites,  however, 
may  be  seen  in  one  fine  precipice  at  the  North  End.  Here,  on  the 
8car,  forming  the  base  of  all,  is  the  great  bulging  fissured  plat- 
form of  Kelloway  Rock,f  iron  bound  and  cherty.  On  this  is  built 
that  noble  natural  edifice  the  Castle  Hill,  with  its  first  story  of 
Blue  Grey  Shale,  varied  by  slightly  harder  bands,  forming,  where 
not  grassed,  a  slope  of  about  35°.  This,  of  course,  is  the  Oxford 
Clay.  It  is  succeeded  by  a  ragged  precipice  of  buff-coloured 
stone,  fifty  to  sixty  feet  thick,  forming  the  second  story ;  this, 
again,  is  relieved  by  some  half-grassed  slopes  of  dangerous 
declivity,  marking  the  loose  sands  of  the  Lower  Calcareous  Grit; 
and  the  whole  is  surmounted  by  the  tabular  masses  of  the  ''  Red 
beds "  and  of  the  Coralline  Oolite,  constituting  the  Signal  Staff 
Eock,  which,  as  seen  from  below,  through  the  mists  of  a  winter^s 
morning,  is  itself  no  bad  imitation  of  a  castle. 

Filet  Brigg  Section. 

The  Brigg  itself  is  a  reef  of  rocks,  which  projects  several  hundred 
yards  into  the  sea,  and  is  covered  at  high  water :  the  principal 
rock  in  situ  is  a  thick  bed  of  calc-grit,  which  I  have  called  the 
Filey  Brigg  Calcareous  Grit.      This  is  capped  in  some  places  by 

*  This  might  almost  pass  for  one  of  the  shorter  varieties  of  T.  hisvffo^- 
cinata,  Schlot. 
t  See  Fig.  11,  N.E.  comer. 
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a  thin  skin  of  intensely  hard  blue  rock,  which  belongs  to  the 
group  of  fossiliferoas  limestones  (B,  b,  of  Fig.  13),  and  con  tains 
enormous  examples  of  Gervtllia  aviculoides, 

PIG.  13.— SECTION  ACEOSS  PAET  OF   THE   CAEB   NAZE,  FILET 
,  BEIGG. 
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0.  Purple  Drift,  rising  to  a  beight  of  100  ft. 

a.  Eubbly  oolitic  limestone,  squeezed  and  fragmentary.' 

By  h,  FoBsiliferous  limestones,  witb  intercalated  calcareonB  grits 
— The  Upper  Passage-heds.  ...         ...         ...         

Bf  c.  Block  Grits,  generally  rather  deficient  in  calcareous  matter, 
at  least  on  the  surface,  variable,  and  sometimes  flaggy 
towards  the  bottom. — Filey  Brigg  Calcareous  OriL 

B,  d.  About  18  beds  of  calcareous  grits  and  gritty  lime- 
stones. The  upper  part  of  the  series  is  the  most  scmdy, 
and  contains  at  the  top  two  bands  of  lenticular  doggers, 
sometimes  nmning  into  a  blue  and  highly  siliceous  lime- 
stone. The  lower  portion  contains  an  abundant  fauna  of 
a  decidedly  Lower  Calcareous  Grit  type. — The  Lower 
jtOkSSOtQe^ oeas    ...         ...         •••         ...         ...         ...  ••• 
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ft.  in. 

C,  e,  Softish  yellow  calcareoiiB  grits,  with  hard  bine  lenticnlar 
conoretions.  Foesils  similar  to  those  in  the  gn^onp  above 
(B  d^,  bnt  less  plentifnl— oocnr  chiefly  in  the  uppermost 
row. — The  principal  dogger  or  hall-hed.      ...         10    0 

N.6. — The  weathering  of  the  softer  portions  of  this  bed  forms 
a  sort  of  corridor,  in  the  lower  part  of  which,  at  the  point  marked 
"y"  in  the  section,  is  the  footpath  or  "  trod"  in  most  frequent  nse. 

C,  f.  Upper  portions  of  the  Lower  Calcareons  Grit  proper,  which 
farther  west  may  be  traced  through  a  thickness  of  some 
50ft.  of  beds  into  the  Oxford  Clay.  The  top  bed  is  never 
nodnlar ;  its  angular  outline  and  mural  weathering  dis-  n.  n. 
tinguish  it  at  once;  the  few  fossils  are  usually  chal- 
cedonized.  Below  this,  as  far  as  may  be  seen  in  the  sec- 
tion, are  calcareous  grits  with  bands  of  silico.caloareou8 
nodules  occasionally  becoming  confluent.  The  shells  are 
often  chalcedonized. 

The  accompanying  Section  is  constrncted  with  the  view  of  ex- 
hibiting the  general  aspect,  not  loaded  by  too  many  details,  of  the 
sequence  of  beds  which  may. be  conveniently  observed  at  low  water 
on  the  north  side  of  the  Carr  Naze — to  the  geologist  by  far  the 
most  interesting  part  of  the  promontory.  Some  of  the  beds,  the 
nppet*  limestones  for  instance,  can  be  examined  from  above,  in 
those  places  where  the  slope  of  the  superincumbent  Drift  (re)  is  not 
too  steep.  The  measurements  are  taken  for  the  most  part  between 
the  tip  of  the  Carr  Naze,  and  the  first  cove,  or  *'  doodle,"  in  which 
direction  the  cliff  trends  N.W.,  with  a  gradual  rise  of  all  the  beds  as 
far  as  the  comer,  behind  which  the  first  cove  is  situated.  From 
this  point  to  the  far  cove,  a  distance  of  about  500  yards,  the 
trend  is  westerly ;  along  this  face  we  have  the  Filey  Brigg 
Calcareous  Grit  well  up  in  the  cliff,  and  a  large  series  of  beds,  not 
seen  on  the  Brigg  itself,  are  splendidly  exposed.  It  is  extremely 
probable  that  these  measurements  would  vary  in  different  places, 
more  especially  as  regards  the  upper  beds. 

It  will  be  most  convenient  to  give  a  detailed  description  in 
descending  order  of  the  beds  exposed  in  the  above  section,  and 
afterwards  to  make  some  attempt  at  correlation  with  other  por- 
tions of  the  Lower  Calcareous  Grit  of  Yorkshire. 

a.,  5ft. — These  limestones  are  much  shattered  and  squeezed,  and  not  to  be 
seen  everywhere,  on  account  of  the  sliding  forwards  of  the  Drift.  They  are 
not  usually  visible  on  that  portion  of  the  Carr  Nase  where  the  measure- 
ments were  taken,  but  may  be  well  observed  on  the  south  side,  in  Filey  Bay 

Z 


402  W.    H.    HUDLE8T0N    ON 

itself,  peeping  from  beneath  the  Drift.  This  limestone  contains  many  Bmall 
specimens  of  Echinobrissus  acutatus  and  Eol£ctyp%L8,  It  probably  consti* 
tntes  one  of  the  bottom  beds  of  the  CoraUine  Oolite,  the  major  portion  of 
which  has  been  removed  by  denudation,  if  it  was  ever  deposited  in  this  im- 
mediate area. 

B,  h,  8ft.  The  Upper  Passage-beds. — ^Afew  inches  of  brash  may  sometimes 
intervene  between  the  rubbly  oolite  limestone,  jnst  described,  and  the  np})er- 
most  limestone  indnded  in  this  group ;  but  the  division  between  the  two 
does  not  seem  always  to  be  very  clearly  indicated.  The  series  included  in 
group  B,  h,  consists  of  coarse  limestones  of  a  bluish  colour,  often  intensely 
hard,  and  in  some  places  rather  sandy,  divided  by,  and  occasionally  thinning 
ofF  into  yellow  calcareous  grits.  Some  of  the  beds  consist  of  pale  grey  lime- 
stone, with  buff  .coloured  marking  and  granules,  the  latter  apparently  dne  to 
ova  of  considerable  size.  Portions  of  these  limestones,  when  examined 
closely,  seem  to  be  full  of  the  remains  of  minute  organisms,  some  being 
apparently  sections  of  extremely  small  univalves,  mixed  up  with  oviform 
and  irregular  grains  and  fragments  of  shells,  the  whole  being  glued  into  a 
somewhat  gritty  mass.  There  are,  however,  portions  pretty  free  from 
quartzose  grit,  but  containing  many  rounded  and  renif orm  grains  of  opaque 
white  silica.  These  are  sometimes  of  a  tolerably  good  size ;  and,  on  the 
whole,  larger  and  more  numerous  in  proportion  to  the  quantity  of  silica  than 
we  find  in  the  Lower  Passage-beds.  I  have  very  little  doubt  that  these  are 
the  bodies  described  by  Sorby.*  Whether  they  are  due  to  the  replacement 
of  the  oolitic  granule  by  chalcedony,  or  to  what  cause,  is  at  present  uncer- 
tain; but  this  much  is  evident — that  in  all  the  beds  where  we  have  so  much 
alternation  of  calcareous  grits  and  sub-oolitic  limestones,  there  is  a  great 
quantity  of  chalcedonic  silica  to  be  found,  in  various  forms  and  conditions. 
Three  limestones  may,  in  places,  be  made  out;  of  these,  the  third,  or 
bottom  one,  is  often  a  mere  skin,  resting  on  the  great  Scar-bed  as  previously 
described. 

The  upper  limestones  contain  a  very  abundant  fauna  as  regards  indivi- 
duals, if  not  as  regards  species  ;  and,  being  very  accessible,  come  in  for  a 
large  share  of  attention.  The  uppermost  limestone  in  contact  with  a  (Fig* 
18)  contains  a  few  Echinites,  but  is  most  remarkable  for  the  great  numbers 
of  MyaciteSf  Qresslya^  and  Pholadomyaf  forming  quite  a  Mya  bed.  The 
Pholadomya  is  like  the  Ph.  a/ngustata,'f  of  Sowerby.  I  have  noticed  also 
Ooniomyaf  Trigonia  perlata  (the  great  Trigonia  iriquetra  may,  perhaps, 
occur  here),  Lucina,  ohliqua,  Buvig.,  Lucina  Beanii,  Lye,  Lima  rigida 
(small,  narrow  variety,  suhantiqtiata  ?  Boem.),  Lima  elUptica,  Pecien 
suhjlhrosus,  Exogyra  or  Ostrea  (small),  Plewrotomaria  reticulata,  and 
Chemnitxia  Redding tonensis.  Pecten  vimineus.  Sow.  (?  articulaius,  Schlot.) 
is  also  found.      Some    of    these  occur  in  the  lower  limestones  of    the 

.  <At.y  page  386. 


t  This  name  was  oriprinaUy  riyen  by  Sowerbj  ("  Mineral  Conchology,"  YoL  ir.,  pag« 
89,  table  327  •  to  a  specimen  said  to  have  been  fonnd  at  Nunney  near  Frome  m  a  ail<»> 
reou»  griUtone.  It  has  consequently  been  referred,  vide  *' Morris'  Catalogue,"  to  the 
Inferior  Oolite.  Agassis,  however  ("  MoUnsqnes  fossiles,"  page  17^,  is  dispoMd  to  eonfirm 
the  species  as  distinct  from  Ph.  deonncogtatat  R<rm.,  and  teUs  us  that  hie  himwTf  found 
the  specimen,  which  he  figoree,  in  the  Oxford  Olay  of  Normandy. 
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£px>np,  along  with  Qervillia  avieuloides,  which  is  'generally  a  oonBpionoos 
fossil  throughout.  The  intercalated  calcareous  grits*  contain  a  few 
shells  and  fragments,  are  variable  in  thickness,  and  may  sometimes  be 
traced  into  more  calcareous  beds;  but,  on  the  whole,  there  iB  generally 
a  division  amounting  to  a  foot  or  two  in  thickness  dividing  the  limestones, 
as  indicated  in  Fig.  13.  The  limestones  on  the  Scar  weather  very  rough 
and  lumpy.  Numbers  of  ammonites  belonging  to  the  CordatuB  gn^oup  are 
found,  especially  in  the  upper  limestones ;  and  these  have  rather  a  tendency 
to  Skssume  the  Qoliathus  variety.  Unfortunately,  most  of  the  large  ammon- 
ites in  the  collections  from  Filey  have  been  picked  up  loose,  so  that  authentic 
testimony  as  to  their  precise  position  is  wanting.  I  have  seen  the  bed  of  a 
medium-sized  plicatiloid  ammonite  on  the  south  Bide  of  theCarr  Naze,  where 
this  group  occupies  a  larg^  portion  of  the  Scar. 

Bf  c,  9ft.  Gin. — ^A  massive  yellow  calcareous  grit,  poor  in  lime,  partly 
laminated  towards  the  base.  It  forms  the  main  Scar  of  Filey  Brigg.  There 
are  a  few  very  large  shells  in  this  bed,  and  amongst  them  a  very  large 
Ostrea ;  I  have  observed  small  specimens  of  Avicula  ovalis.  Possibly  the 
great  Trigonia  triquetra  may  occur  here. 

B,  d,  25ft.  the  Lower  Pckssage-heds, — This  is  an  important  series  of  siliceous 
and  sub-oolitic  limestones,  alternating  with  yellow  calcareous  grit ;  towards 
the  base  are  shelly  grits,  and  limestones  extremely  fossiliferous.  Some  of 
these  latter  are  remarkable  for  containing  a  quantity  of  Braohiopoda,  espe- 
cially of  Rhynchonella — a  circumstance  distinguishing  them  at  once  from 
the  Upper  Passage-beds.  The  higher  subdivision  of  this  series,  from  its 
abondance  of  grit,  has,  of  course,  affinities  with  the  calcareous  grit  of  the 
Brigg,  whose  deposition  is  foreshadowed  by  these  beds ;  and  we  can  very 
easily  imagine  their  becoming  so  gritty,  that  we  should  be  disposed  to  mea* 
sure  them  in  with  the  overlying  calcareous  grit.  A  line  of  lenticular  no- 
dules, which  sometimes  coalesce  into  a  hard  blue  silico-calcareous  band,  is 
the  topmost  bed,  and  there  is  generally  another  of  similar  character  at  some 
little  distance  beneath.  The  first  eight  feet  of  beds  are  poor  in  fossils ; 
still  some  of  the  common  forms  of  the  Lower  Calcareous  Grit  are  scattered 
about — such  as  Qervillia  (wiculoideSf  Pecten  suhfihrosvs,  &c. ;  I  have  foimd, 
also,  Avicula  ovalis.  Below  this  is  a  line  where  there  are  several  small 
fossils,  associated  with  a  small  Serpula,  of  rather  peculiar  form.  The  lowdst 
ten  feet  of  beds  contain  a  really  fine  series,  and  constitute,  upon  the  whole, 
the  most  interesting  portion  of  the  Filey  Brigg  section.  .  Some  of  the  beds 
are  peculiar :  a  specimen,  highly  charged  with  Rhynchonella,  is  a  blue- 
centred  rather  gritty  limestone,  buff -coloured  at  the  edges,  and  full  of  small 
yellowish  oolitic  granules,  like  fig  seeds,  well  shown  by  contrast  against  the 
blue  matrix.  Sections  of  the  stems  of  MillericrinuSf  in  opaque  calcite,  im- 
part  a  glistening  appearance,  which  is  further  enhanced  by  the  sparry  con- 
dition of  some  of  the  rhynohonellsis.  One  little  Pseudodiadema  may  be  noted. 
There  are  plenty  of  those  curious  dichotomizing  forms  in  these  beds,  which 
throaghout  the  Filey  promontory  generally  are  such  characteristic  features 

*  In  one  of  these  yellow  grits  Mr.  Blake,  laet  Bummer,  noted  a  Bpedmen  of  iimmon- 
ite9  pararmatut. 
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ol  the  Lower  Oalcareons  Grit.    Whether  thete  .cnrioiu  forma  are  due  to 
sponges  or  not  may  be  a  question.    It  seems  probable  that  they  repreeent 
an  organic  body  of  prolate  growth,  which  ramified  freely  in  the  acoomnlating 
sandy  and  calcareons  sediment,  and  whose  decomposition  has  determined 
the  deposit  of  a  larger  amomit  of  calcitic  and  siliceous  matter  than  has  been 
the  case  with  the  surrounding  mass ;  weathering  has  brought  this  difference 
into  relief.     The  quantity  of  organic  and  pyritous  matter  yet  remaining 
nnoxidised  in  the  cores  of  these  bodies  causes  them  to  be  blue-centred  when 
the  surrounding  mass  has  already  assumed  the  pale  buff  of  the  ordinary, 
calcareous  grit.     Very  fine  quartzose  sand  is  the  principal  ingredient  of 
the   insoluble  portions  of  these  limestones,  but  there  are  a  considerable 
number  of  small  ovaJ  bodies  of  opaque  white  silica,  similar  to  those  already 
mentioned,  as  occurring  in  the  Upper  Passage-beds,  where,  howeTcr,  they 
are  generally  larger.     There  is,  also,  a  considerable  quantity  of  opaque 
white  silica  in  fragments,  which  seems  to  have  replaced  shelly  matter. 

Groups  and  scattered  specimens  of  Rhynchonella  varians,  yar.  T^tir- 
manni  are  plentiful  j  more  rarely  we  find  a  shortish  variety  of  T«re» 
hraiula  allied  to  T.  hisuffarcinata  (T.  FUeyerisiSf  Walker),  and  there  is  a  small 
Waldheimia  occurring  rather  plentifally  upon  a  certain  line.  Orypluda 
dilatata,  Ostrea  flahelloides,  0.  solitaria^  Oervillia  aviculoides,  l9oe<vrdia^ 
Millericrinus  echinatuSf  Serpula,  and  nests  of  the  inevitable  QrypTuBa 
mima  are  the  most  obvious  fossils.  About  six  feet  from  the  bottom 
is  a  bed  so  full  of  QervilUa  as  to  attract  some  notice ;  cordate  ammonites 
occur  throughout.  A.  perarmatus  is  also  reported  from  here,  as  we 
should  expect,  though  probably  more  plentiful  still  lower  down  in  the 
series.  I  hear  also  of  an  ammonite  which  answers  to  the  description  of  J. 
WilUamsoni;  the  latter  fossil  is  certainly  characteristic  of  the  "Bed 
beds"  of  Scarborough  Castle  Hill  (B,  b,  Fig.  12),  which  occupy  an 
analogous  place  just  above  the  Dogger-series,  and  are  there  the  representa- 
tives, as  reg^ards  position,  of  the  Lower  Passage-beds,  though  the  fauna  is 
somewhat  different.  Fossil  wood  is  rather  plentiful,  both  in  this  and  the 
nnderlying  division.  These  beds  are  finely  exhibited  in  the  curious  rooky 
amphitheatres  called  "  doodles,"  where  splendid  overhanging  slabs  of  rock 
belonging  to  this  series  may  be  observed  charged  with  the  above  fossils, 
and  interwoven  with  the  large  dichotomizing  branches  to  which  allusion  has 
already  been  made. 

C,  c,  10ft.  The  Principal  Dogger  or  Ball  Bed. — This  is  placed,  as  a 
matter  of  convenience,  at  the  top  of  the  Lower  Calcareous  Grit  proper  (C), 
though  it  has  many  connecting  links  with  the  beds  above.  As  we  descend, 
however,  limestones  are  becoming  scarcer,  and  we  here  find  ten  or  twelve 
feet  of  softish  yellow  calcareous  grits,  with  rows  of  monstrous  lenticular 
and  sub-spherical  concretions,  which  are  well  brought  out  by  weathering. 
There  are  a  few  of  the  same  species  of  fossils  in  these  great  balls  as  occur 
in  the  higher  beds,  which  themselves  have  a  nodular  tendency  in  places ; 
still,  on  the  whole,  weathering  draws  a  pretty  good  line  between  them^  and 
this  can  scarcely  be  said  to  be  exaggerated  in  the  section,  though  it  is  not 
equally  obvious  everywhere.    These  balls  are  occasionally  run  together  in  a 
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reticulated  mass,  as  may  be  seen  in  one  of  the  ''  doodles,"  where  the  in- 
terstitial sand  has  been  washed  away,  and  the  passage  from  this  into  the 
continnons  bine  silico-calcareons  rook  can  be  easily  ima^pned. 

The  pecoliar  confignration  of  the  cliff  or  scar  at  the  northern  base  of  the 
Carr  Naze  is,  in  a  great  measure,  due  to  the  nneqnal  weathering  of  this 
belt  of  rock,  aided  by  dripping  from  above.  Some  of  the  coves  contain 
little  pools — perfect  baths  in  miniature — of  salt  water,  renewed  every  tide, 
which  stand  in  hollows  excavated  out  of  the  looser  sands,  bnt  always  sup- 
ported  on  the  hard  mural  band  of  grit  beneath,  on  which  the  lowest  row  of 
doggers  frequently  rests.  It  is  almost  impossible  to  avoid  speculating  upon 
the  origin  of  this  curious  formation,  which  is  so  very  characteristic  of  the 
Lower  Calcareous  Grit,  but  especially  of  this  horizon.  The  tendency  to 
run  into  the  hard  continuous  blue  band  seems,  in  some  way,  to  connect  the 
Ball-beds  with  that  kind  of  rock ;  and  the  lenticular  and  separate  character 
of  the  concretionary  action  may  have  been  due  to  the  insuflScienoy  of  the 
cementing  material  in  a  porous  formation  which  has  been  constantly  under- 
going changes  from  chemical  action.  The  subject,  however,  is  far  too 
complex  to  discuss  thoroughly  in  a  paper  like  the  present. 

C,  /. — This  is  the  exhaustive  division  which  takes  in  all  the  remainder  of 
the  section  visible.  The  top  bed  may  be  recognized  by  its  character  as 
shown  in  the  section.  It  is  an  extremely  hard  calcareous  grit,  supported  in 
places  by  a  band  which  is  rather  cherty,  though  true  chert  is  far  from 
common.  The  few  fossils  are  chalcedonized ;  we  may  note  sections  of 
chaJcedonic  Qervilliaf  and  nests  of  what  seem  to  have  been  BhynchoneUa, 
now  a  mass  of  quartz  crystals.  It  seems  to  represent  the  Chert-bed  (C,  (2, 
Fig.  12)  of  the  Castle  Hill,  in  position  certainly,  if  in  nothing  else ;  but  is 
less  decidedly  cherty  than  that  remarkable  band.  The  remainder  of  the 
accessible  portion  of  the  section  consists  of  yellow  calcareous  grits,  with 
hard  blue  doggers,  often  confluent,  but  more  siliceous  than  those  previously 
described.  There  are  some  large  fragments  of  monomyarian  shells  which 
are  chalcedonized. 

Correlation. — The  section  at  Filey,  of  what  may  be  termed, 
in  case  objection  is  made  to  the  phrase  '*  Passage  Beds/*  the  upper 
portion  of  the  Lower  Calcareous  Grit,  is  so  complete,  that  it  tempts 
us,  not  indeed  to  constitute  it  a  type-section — such  would  he  amis- 
take  in  so  yariahle  a  series — but  to  make  it  a  standard  of  reference, 
affording  us  some  clue  to  the  history  of  the  formation  in  other 
places,  and  especially  in  the  interior.  When  we  seek  to  parallel 
the  several  subdivisions  above  detailed,  with  others  in  East  York- 
shire, we  must,  first  of  all,  bear  in  mind  the  extreme  variability  of 
the  entire  series,  according  as  the  shelly  drifts  or  the  sandy  drifts 
prevailed  in  any  given  area.  Reflection  on  this  point  will  at  once 
show  the  utter  impossibility  of  establishing  anything  more  than  a 
general  accordance,  due  rather  to  approximation  of  physical  con- 
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ditionsi  than  to  absolute  contemporaneity.  When  we  consider  the 
history  of  the  Upper  Oxfordian  in  the  Yorkshire  area,  as  a  whole,  we 
perceive  that  the  argillaceous  deposits,  never  very  free  from  sand, 
gave  way  by  degrees,  and  sooner  in  the  west  than  in  the  east,  to  arena- 
ceous ones,  which,  in  their  turn,  became  charged  with  an  increasing 
amount  of  calcareous  matter.  Up  to  a  certain  point,  the  arena- 
ceous matter  was  so  considerably  in  excess,  that  the  resulting  beds 
partake  more  of  the  character  of  g^^ts  than  of  limestones.  At 
length  there  arrived  a  time  when  calcareous  matter  began  to  pre- 
vail, and  this  point  is  generally  to  be  noted  as  occurring  above  a 
very  well-marked  line  of  concretionary  masses,  similar  to  the  dog- 
ger bed,  C  tf,  of  Filey.  It  by  no  means  follows — in  fact,  it  Is  im- 
probable— that  this  point  was  arrived  at  contemporaneously  over 
the  whole  area,  but  where  it  does  set  in,  we  have  the  Passage-beds, 
or  upper  Lower  Calcareous  Grit,  which  present  more  variety  than 
the  lower  subdivision,  and  might  even  be  worthy  of  distinctive 
names,  according  to  their  respective  development  in  the  several 
localities  where  they  occur.  These  Passage-beds  represent  a  sort 
of  struggle  between  lime  and  sand,  which  resulted  in  a  victory  for 
the  former,  when,  ultimately,  the  purer  limestones  of  the  Coralline 
Oolite  began  to  be  deposited.  The  following  attempts  at  correla- 
tion must,  therefore,  be  made  with  the  above  considerations  in  full 
view,  and  the  names  used  must  be  deemed  only  names  of  con- 
venience, enabling  us  to  identify  certain  beds. 

-B,  b.  Hie  Upper  Passage-beds, — As  regards  the  fauna,  there 
is  no  reason  why  the  uppermost  limestones  should  not  be  classed 
with  the  Coralline  Oolite,  but  as  they  are  still  associated  with  beds 
of  undoubted  calcareous  grit,  they  must,  on  petrological  grounds, 
be  referred  to  the  group,  which,  as  a  whole,  is  called  the  Lower  Cal- 
careous Grit.  The  abundance  of  cordate  ammonites  does  not  prove 
much,  but  these  are  by  no  means  common  in  the  finer  limestones 
of  the  Coralline  Oolite.  If  we  try  to  parallel  these  upper  Passage- 
beds  with  the  Scarborough  Castle  Hill  section,  they  may  perhaps 
be  found  to  correspond  pretty  nearly  to  the  two  (rcrrtZ/ia-beds,  in 
the  upper  part  of  B,  a,  Fig.  12,  which  there  lie  about  the  base  of  the 
Coralline  Oolite,  of  which  a  much  larger  portion  is  preserved  than 
at  Filey.  On  a  comparison  of  the  lists  of  fossils,  there  is  certainly 
no  very  great  degree  of  resemblance,  beyond  the  fact  that  Gervillia 
aviculoides  is  very  common  in  both,  and  that  Trigonia  per  lata  also 
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occurs  in  each.  Myaciform  shells,  too,  are  pretty  plentiful  in  the 
Gert;i7/ta-beds  of  Scarboroagh,  and  the  number  of  small  echinites  is 
also  a  connecting  link.  With  the  Tn^onia-beds  of  Pickering,  there 
is,  as  regards  fossils,  a  closer  resemblance.  Gervillia  aviculoides^ 
Trigonia  perlata^  Lucina  Beaniij  Lima  elltptica,  Chemnitzia  Hed* 
dtngtonensis  being  tolerably  abundant  in  each.  But  there  are 
important  differences  also,  as,  for  instance,  at  Filey  the  absence  or 
rarity  of  Nerincea,  and  at  Pickering  the  absence  or  rarity  of  echinites 
and  of  Mt/acites,  Pholadomya,  &c.  As  before  observed,  too  much 
importance  must  not  be  attached  to  the  presence  or  absence 
of  this  or  that  fossil.  Nearly  all  are  of  species  that  lived  throughout 
the  entire  period,  and  their  presence  or  absence,  when  not  influenced 
by  important  differences  due  to  physical  causes,  is,  in  fact,  the  result 
of  the  accidents  of  distribution.  One  common  feature  unites  all 
three  sets  of  beds,  viz.,  the  rarity  of  brachiopods.  I  have  found 
Rhynchonella^  though  very  seldom,  in  the  Tn^oma-beds  of  Picker- 
ing, one  specimen  in  the  Qervillia-hedisoi  Scarborough,  but  not  yet 
in  the  Upper  Passage-beds  of  Filey. 

-B,  c.  Filey  Brigg  Calcareous  Grit, — This  second  irruption  of  gritty 
sediment  is  not  exactly  paralleled  in  the  Scarborough  Castle  section, 
where  its  position  would  be  in  the  lower  part  of  B  a.  Fig.  12  ;  nor 
do  we  find  it  making  any  show  on  the  surface,  or  in  any  quarry  or 
natural  section  between  the  coast  and  the  gorge  of  the  upper  Der- 
went  above  Ayton.  In  the  central  and  western  portions  of  the 
Tabular  Kange,  a  similar  deposit,  in  a  somewhat  analogous  position, 
but  enormously  expanded,  divides  the  two  limestone  groups,  which 
I  venture  to  correlate  approximately  with  the  Upper*  and  Lower 
Passage-beds.  On  the  Wass  moors,  N.  W.  of  Oswaldkirk, 
this  occupies  a  large  surface,  where  it  may  often  be  observed 
in  the  condition  of  loose  sand,  owing  to  the  powerful  action 
of  solvents,  generated  by  the  decomposition  of  the  peat.  In 
this  position  it  has  evidently  been  mistaken  for  Upper  Cal- 
careous Grit,  a  subdivision  of  the  Supra-Coralline  beds.  At 
Pickering  an  unknown  thickness  of  calcareous  grits,  some  very 
sandy  indeed,  underlie  the  Tn^onta-beds,  and  may  be  supposed  to 
represent,  so  far  as  such  a  variable  series  can  represent,  the  Filey 
Brigg  Calcareous  Grit.     On  the  other  hand,  in  the  Howardian 

*  There  are  oases  even  in  areas  where  the  Second  grit  is  developed,  where 
the  Upper  Passage-beds  are  so  merged  in  the  base  of  the  Coralline  Oolite, 
as  to  render  any  distinotion  umeoessary. 


408  W.    H.    HUDLEBTON   ON 

Hills,  the  Second  grit  does  not  seem  to  occur,  and  the  limesf  ones 
of  the  Lower  Passage-beds,  where  they  are  represented  palaM>nto- 
logicallj,  as  at  Appleton,  form  the  base  of  the  Coralline  Oolite. 
In  these  cases,  the  Upper  Passage-beds  are  not  dcYeloped  as  sach ; 
for,  in  fact,  they  require  a  second  grit  to  develope  them,  otherwise 
their  fossils  are  more  or  less  merged  in  the  general  mass  of  the 
Coralline  Oolite,  as  is  the  case  at  Malton. 

B^  d.  The  Lower  Passage-beds. — On  referring  to  page  398,  it 
will  be  perceived  that  this  very  important  series  is  correlated,  as 
regards  position,  with  the  '^  Red  beds*'  of  the  Castle  Hill  section, 
and  if  we  except  the  absence  or  rarity  of  brachiopods  at  Scar- 
borough, there  is  considerable  resemblance  in  the  more  obTions 
fossils  of  each.  But  the  lower  portion  of  the  "  Red  beds*'  is  more 
ferruginous  than  the  corresponding  portion  of  the  series  at 
Filey,  and  in  the  interior,  west  of  Scarborough,  this  pecu- 
liarity is  still  further  developed,  as  at  Hackness,  on  Seamer 
Moor,  in  Forge  valley,  and,  above  all,  in  Beedale,  beyond  which 
valley  I  have  not  traced  it  in  a  westerly  direction.  In  Forge 
valley,  just  above  Ay  ton,  the  ferruginous  beds  are  very  clearly 
seen  at  the  base  of  an  important  series  of  limestones,  which,  in 
varying  degrees  of  purity,  have  a  thickness  of  probably  over 
100  feet,  without  any  obvious  intervening  grit.  Here,  if  I  under- 
stand the  section  rightly,  we  have  the  Lower  and  Upper  Passage- 
beds,  the  Coralline  Oolite,  and  the  Coral  Rag  with  Cidaris 
Smithii,  hxxt  not  with  Cidaris  Jlorigemma,  all  in  continuous  sequence. 
The  lower  portions  of  this  great  limestone  series,  at  Ay  ton,  are, 
as  regards  position,  the  nearest  to  our  Lower  Passage-beds.  They 
consist  of  large  bedded,  and  comparatively  unfossiliferous  sub- 
oolitic  limestones,  sufficiently  pure  to  be  quarried  for  lime.  A 
closer  search  would  probably  indicate  the  characteristic  fauna;  but 
these  lower  Oolites  are  generally  poor  in  fossils,  thus  presenting  a 
marked  contrast  to  the  Coralline  Oolite  proper.  Further  west  in 
the  Tabular  Range,  where  the  Second  grit  comes  on,  there  is  a  re- 
markable limestone  formation,  often  highly  oolitic,  immediately 
below  it.  This  limestone,  in  some  places  on  the  Hambleton  moors, 
attains  a  thickness  of  over  40  feet.  The  distance  and  general 
difference  of  development  between  Filey  and  Hambleton  is  so 
great,  that  absolute  correlation  is  quite  out  of  the  question.  The 
Hambleton  oolites  are  gritty  and  small-grained,  but  pure  enough 
to  be  burnt  for  lime,  though  too  siliceous  for  smelting  purposes. 
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Like  most  of  these  small-grained  ooliteSy  they  are  rather  poor  in 
fossils.  Their  position  is  somewhere  on  a  lerel  with  these  Lower 
Passage-heds,  i,e.  to  saj,  thej  are  midway  between  the  Second 
grit,  and  the  Lower  Calcareons  Grit  proper. 

Li  the  Howardian  Hills,  where  the  Second  grit  does  not  come 
on,  we  perceiye  at  Appleton  a  fanna  similar  to  this  at  Filey,  bat 
packed  into  a  mnch  smaller  space.  There  it  lies  at  the  base  of 
the  Coralline  Oolite.  Generally,  it  may  be  said  of  the  Howardian 
Hills  that,  in  the  absence  of  the  Second  grit,  there  is  a  consider* 
able  thickness  of  sandy  sub-oolitic  limestones,  fall  of  little  baff* 
coloured  grains  like  fig-seed  in  a  compact  matrix,  lying  at  the 
base  of  the  Coralline  Oolite.  In  this  case  the  Second  grit,  and 
Upper  Passage- beds,  are  absorbed  in  the  general  mass. 

C,  e. — As  regards  the  principal  Dogger- bed,  it  is  not  difficult  to 
parallel  it  with  the  very  similar  one  at  Scarborough,  C  c.  of  Fig. 
12,  though  it  by  no  means  follows  that  they  are  synchronous 
deposits.  In  the  onward  progress  of  the  Lower  Calcareous  Grit, 
we  may  look  upon  them  as  representing,  each  in  its  own  area, 
the  same  stage  in  the  physical  history  of  the  formation.  In  the 
interior,  owing  to  a  want  of  proper  exposure  and  differentiation, 
the  fossil  '*  cannon  balls/' are  not  always  to  be  prored.  A  few 
miles  west  of  Pickering,  where  the  river  Seren  flows  at  the  bottom 
of  the  gorge  cut  tli rough  the  Tabular  Range,  between  Croftonand 
Sinningtou,  there  is,  close  to  the  Mill,  a  fine  exposure  of  the 
Dogger-bed  with  three  rows  of  balls.  These  fall  out  of  the  little 
cliff  into  the  bed  of  the  stream,  where  they  look  like  a  collection 
of  lapidified  cheeses— just  such  stones  as  an  otter  would  love  to 
sit  upon. 

Conclusion  of  Sectiov  1. 

The  deposition  of  the  thin  band  of  limestone  called  the  Com- 

brash  marks,  within  a  part  of  this  area,  a  period  in  Jurassic  times 

daring  which    mechanical   deposits    were  scanty.      When   these 

regained  their  sway,  we  have  in  the  ^ncu/a-shales  of  the  coast 

tbe  physical   conditions   of    the   Oxford   Clay,   without    special 

Oxfordian  fossils.     Neither  do  we  find  these  at  the  base  of  the 

thicker  portions  of  the  arenaceous  deposit  which  succeeds,  and  is 

IcQown  as  the  Kelloway  Rock.     Towards  the  top  of  this  there  is  a 

i»^at  quantity  of  fossils  accumulated,  as  in  the  underlying  Com- 

^^^li,  within  -  the  vertical   space  of    a  few  feet.      These    are 
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Hills,  the  Second  grit  does  not  seem  to  occnr,  and  the  limesiones 
of  the  Lower  Passage-beds,  where  thej  are  represented  palaK>nto- 
logically,  as  at  Appleton,  form  the  base  of  the  Coralline  Oolite. 
In  these  cases,  the  Upper  Passage-beds  are  not  developed  as  such ; 
for,  in  fact,  they  require  a  second  grit  to  develope  them,  otherwise 
their  fossils  are  more  or  less  merged  in  the  general  mass  of  the 
Coralline  Oolite,  as  is  the  case  at  Malton. 

B,  d.  The  Lower  Passage-beds, — On  referring  to  page  Z^^^  it 
will  be  perceived  that  this  very  important  series  is  correlated,  as 
regards  position,  with  the  **  Ked  beds*'  of  the  Castle  Hill  section^ 
and  if  we  except  the  absence  or  rarity  of  brachiopods  at  Scar- 
borough, there  is  considerable  resemblance  in  the  more  obvious 
fossils  of  each.  But  the  lower  portion  of  the  *'  Red  beds"  is  more 
ferruginous  than  the  corresponding  portion  of  the  series  at 
Filey,  and  in  the  interior,  west  of  Scarborough,  this  pecu- 
liarity is  still  further  developed,  as  at  Hackness,  on  Seamer 
Moor,  in  Forge  valley,  and,  above  all,  in  Beedale,  beyond  which 
valley  1  have  not  traced  it  in  a  westerly  direction.  In  Forge 
valley,  just  above  Ay  ton,  the  ferruginous  beds  are  very  clearly 
seen  at  the  base  of  an  important  series  of  limestones,  which,  in 
varying  degrees  of  purity,  have  a  thickness  of  probably  over 
100  feet,  without  any  obvious  intervening  grit.  Here,  if  I  under- 
stand the  section  rightly,  we  have  the  Lower  and  Upper  Passage- 
beds,  the  Coralline  Oolite,  and  the  Coral  Rag  with  Cidaris 
iSmstAit,  but  not  with  Cidaris  florigemma,  M  in  continuous  sequence. 
The  lower  portions  of  this  great  limestone  series,  at  Ayton,  are, 
as  regards  position,  the  nearest  to  our  Lower  Passage-beds.  They 
consist  of  large  bedded,  and  comparatively  unfossiliferous  sub- 
oolitic  limestones,  sufficiently  pure  to  be  quarried  for  lime.  A 
closer  search  would  probably  indicate  the  characteristic  fauna;  but 
these  lower  Oolites  are  generally  poor  in  fossils,  thus  presenting  a 
marked  contrast  to  the  Coralline  Oolite  proper.  Further  west  in 
the  Tabular  Range,  where  the  Second  grit  comes  on,  there  is  a  re- 
markable limestone  formation,  often  highly  oolitic,  immediately 
below  it.  This  limestone,  in  some  places  on  the  Hambleton  moors, 
attains  a  thickness  of  over  40  feet.  The  distance  and  general 
difiference  of  development  between  Filey  and  Hambleton  is  so 
great,  that  absolute  correlation  is  quite  out  of  the  question.  The 
Hambleton  oolites  are  gritty  and  small-grained,  but  pure  enough 
to  be  burnt  for  lime,  though  too  siliceous  for  smelting  purposes* 
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Like  most  of  these  small-grained  oolites,  they  are  rather  poor  in 
fossils.  Their  position  is  somewhere  on  a  lerel  with  these  Lower 
Passage-beds,  i,e.  to  say,  they  are  midway  between  the  Second 
grit,  and  the  Lower  Calcareous  Grit  proper. 

In  the  Howardian  Hills,  where  the  Second  grit  does  not  come 
on,  we  perceive  at  Apple  ton  a  fanna  similar  to  this  at  Filey,  bat 
packed  into  a  much  smaller  space.  There  it  lies  at  the  base  of 
the  Coralline  Oolite.  Generally,  it  may  be  said  of  the  Howardian 
Hills  that,  in  the  absence  of  the  Second  grit,  there  is  a  consider* 
able  thickness  of  sandy  sub-oolitic  limestones,  fall  of  little  buff- 
coloured  grains  like  fig-seed  in  a  compact  matrix,  lying  at  the 
base  of  the  Coralline  Oolite.  In  this  case  the  Second  grit,  and 
Upper  Passage- beds,  are  absorbed  in  the  general  mass. 

C, «. — As  regards  the  principal  Dogger-bed,  it  is  not  difficult  to 
parallel  it  with  the  very  similar  one  at  Scarborough,  C  c.  of  Fig. 
12,  though  it  by  no  means  follows  that  they  are  synchronous 
deposits.  In  the  onward  progress  of  the  Lower  Calcareoos  Grit, 
we  may  look  upon  them  as  representing,  each  in  its  own  area, 
the  same  stage  in  the  physical  history  of  the  formation.  In  the 
interior,  owing  to  a  want  of  proper  exposure  and  differentiation, 
tlie  fossil  "cannon  balls,"  are  not  always  to  be  proved.  A  few 
miles  west  of  Pickering,  where  the  river  Seven  flows  at  the  bottom 
of  tlic  gorge  cut  tlirough  the  Tabular  Range,  between  Croftonand 
Sinnington,  there  is,  close  to  the  Mill,  a  fine  .exposure  of  the 
Dogger-bed  with  three  rows  of  balls.  These  fall  out  of  the  little 
cliff  into  the  bed  of  the  stream,  where  they  look  like  a  collection 
of  lapidified  cheeses — just  such  stones  as  ism  otter  would  love  to 
sit  upon. 

Conclusion  op  Sbctioh  1. 

The  deposition  of  the  thin  band  of  limestone  called  the  Corn- 
brash  marks,  within  a  part  of  this  area,  a  period  in  Jurassic  times 
during  which  mechanical  deposits  were  scanty.  When  these 
regained  their  sway,  we  have  in  the  Avtcula^shales  of  the  coast 
the  physical  conditions  of  the  Oxford  Clay,  without  special 
Oxfordian  fossils.  Neither  do  we  find  these  at  the  base  of  the 
thicker  portions  of  the  arenaceous  deposit  which  succeeds,  and  is 
known  as  the  Eelloway  Rock.  Towards  the  top  of  this  there  is  a 
great  quantity  of  fossils  accumulated,  as  in  the  underlying  Corn- 
brash,   within 'the  vertical  space  of    a  few  feet.      These    are 
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thoroughly  Oxfordian,  and  such  as  occur  ahundantly  in  the  Oxford 
Clay  of  Central  England.  In  a  southerly  direction  this  formation 
thins  from  80  feet  to  5  feet,  and  there  are  reasons  for  supposing 
that  the  fossiliferous  cap  is  not  in  all  parts  of  the  same  t^ge^ 
though,  judged  as  a  whole,  it  may  he  termed  Lower  Oxfordian. 
In  the  western  portions  of  the  area  the  Lower  Oxfordian  sand- 
stones  are  very  much  expanded,  but  their  palieontology  is  not  so 
well  known. 

The  Qrey  Shale,  or  so-^^alled  Oxford  Clay  of  Yorkshire,  even  on 
the  coast,  hardly  represents  one  half  of  the  real  Oxford  Clay  of 
Middle  England,  whilst  in  the  Western  escarpment  it  shows  fdgna 
of  going  out  altogether  ;  so  that,  if  the  beds  were  prolonged  for  m 
few  miles  in  the  direction  of  their  outcrop  towards  the  Penine  Range, 
the  Lower  Oxfordian  sandstone  ( Kelloway  Rock)  would  meet  the 
Upper  Oxfordian  sandstone  (Lower  Calcareous  Grit).  Thus  these 
two  arenaceous  deposits  are,  in  the  Hambleton  escarpment,  almost 
the  sole  representatives,  in  time,  of  the  Oxford  Clay  of  other  areaa, 
an  intimation  that  we  are  near  the  old  shore  line.  Taking  the 
whole  of  the  Yorkshire  area,  the  '^  Kelloway  Rock,"  "  Oxford 
Clay,*'  and  "  Lower  Calcareous  Grit,"  replace  each  other  to  a  con- 
siderable extent,  and  must  be  viewed  simply  as  varying  parts  of 
one  great  formation  known  elsewhere  as  the  Oxford  Clay. 

The  Upper  Oxfordian  beds,  being  deposited  in  shallower  water^ 
formed  the  base  on  which  a  growth  of  coral  took  place ;  such  coral 
beds  being  situated  in  the  first  instance  near  the  shore,  where  their 
detritus,  mingled  with  much  fine  sand,  formed  the  Lower  Calcareous 
Grit.  As  the  waters  grew  shallow  at  increasing  distances  from  the 
shore,  the  proportion  of  calcareous  sediment  increased,  and  we  have 
the  Passage-beds ;  to  these  succeed  the  various  Corallian  lime- 
stones, the  consideration  of  which  is  worthy  of  a  separate  section. 
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ORDINARY  MEETING,  January  7tu,  1876. 
Henrt  Woodward,  Esq.,  F.R.S.,  Vice-President,  in  the  Chair. 

The  following  Donations  were  annoanced : — 

"  Quarterly  Journal  of  the  Geological  Society,"  Vol.  xxviii., 
Part  1 ;  from  that  Society. 

"  Abstracts  of  the  Proceedings  of  the  (Geological  Society,"  Nos 
808  and  309  ;  from  that  Society. 

''  Abstracts  of  the  Proceedings  of  the  West  London  Scientific 
Association ;"  from  that  Association. 

"  Journal  of  the  Society  of  Arts,"  December,  1875  ;  from  that 
Society. 

**  Proceedings  of  the  Royal  Physical  Society  [of  Edinburgh]," 
Session  1874-75  ;  from  that  Society. 

'*  Proceedings  of  the  Somersetshire  ArchsBological  Society  for 
1874  ;"  from  that  Society. 

*' Journal  of  Proceedings  of  the  Winchester  and  Hampshire 
Scientific  and  Literary  Society,"  Vol.  ii.,  Part  I ;  from  that 
Society. 

'*  Annual  Report  of  the  Yorkshire  Philosophical  Society  for 
1874;"  from  that  Society. 

"  Illustrations  of  the  Geology  of  Yorkshire.  Part  1 :  The 
Yorkshire  Coast.*'  2nd  edition.  Edited  by  R.  Etheridge,  F.R.8. ; 
from  the  Editor. 

"On  some  Newly  Exposed  Sections  of  the  Woolwich  and 
Reading  Beds  at  Reading,  Berks,"  by  Professor  T.  Rupert  Jones ; 
from  the  Author. 

"  On  the  Observation  of  Periodical  Natural  Phenomena,"  by 
John  Hopkinson,  F.L.S.  &c, ;  from  the  Author. 

*'  Descriptions  of  the  Graptolites  of  the  Arenig  and  Llandeilo 
Rocks  of  St.  David's,"  by  John  Hopkinson  and  Charles  Lapworth ; 
from  John  Hopkinson,  Esq.,  F.L.S.,  &c. 

On  the  recommendation  of  the  General  Committee,  Professor 
James  Tennant,  F.G.S.,  and  J.  T.  B.  Ives,  Esq.,  F.G.S.,  were 
elected  Auditors  of  the  ace  ounts  of  the  Association  for  the  year 
1875. 

The  following  were  elected  Members  of  the  Association : — M. 
La  Chauss6e  Bnjac ;  Mrs*   Heath  ;  Dr.  Hector,  C.M.G.,  F.R.S., 

A    A 
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Director  of  the  Geological  Survey  of  New  Zealand ;  Jobn  Hoi- 
brook,  Esq. ;  George  Payne,  Esq.,  jan. ;  John  Saul,  Esq.  ;  and 
Edward  Lionel  Scott,  Esq. 

The  following  Paper  was  read  : — 

On  THE  Geology  of  New  Zealand  with  special  rbfbbbkob 

TO  the  Drift  of  that  Country. 

By  Dr.  Hector,  C.M.G.,  F.R.S.,  Director  of  the  Geological 

Survey  of  New  Zealand. 

(Abstract), 

The  author  first  drew  attention  to  the  geographical  position  of 
the  islands,  indicating  on  the  South  Polar  chart  their  situation 
relative  to  known  lands  of  the  Antartic  area.  Great  ice-packs  en- 
cumber the  intervening  ocean,  circulating  around  the  pole  ;  travel- 
ling in  a  spiral,  and  thus  increasing  their  distance  from  the  centre. 
On  the  meridian  of  South  Shetland,  as  low  as  40^  S.  latitude,  the 
seas  are  at  all  seasons  crowded  with  icebergs,  but  there  is  an  in- 
dentation of  the  ice-pack  opposite  Australia  and  New  Zealand, 
though  erratic  masses  escape  sometimes.  There  are,  however,  five 
degrees  of  latitude  ofif  the  extreme  south  of  New  Zealand,  clear 
of  the  limit  where  icebergs  are  ever  found.  As  regards  latitude 
the  islands  occupy  a  position  equivalent,  in  the  Northern  Hemi- 
sphere, to  a  line  between  Paris  and  Algiers.  They  lie  parallel  to 
Australia,  1,200  miles  E.  by  S.,  and  repose  on  a  sub-marine  pla- 
teau, which,  along  the  west  shores  of  the  islands,  is  submerged  to  a 
depth  of  from  1,200  to  1,300  feet,  but  further  westward  terminates 
in  water  6,600  feet  deep.  The  edge  of  this  plateau  comes  close 
in  shore  on  the  S.W.  extremity  of  the  Southern  (middle)  island. 
Thus  New  Zealand  is  a  remnant  of  a  once  far  more  extensive  land, 
whose  eastern  boundaries  are  not  as  yet  clearly  defined,  but  the 
author  was  disposed  to  include  the  Chatham  Islands  as  a  portion 
of  it.  North  Island, — The  eastern  shore  is  the  boldest  ;  foul 
weather,  and  consequently  denudation,  coming  from  the  N.E.  The 
west  side  is  more  shelving ;  but  the  great  volcanic  boss  of  Mount 
Egmont,  which  rises  at  a  gentle  angle  to  a  conical  summit,  pro- 
tnides  its  protecting  buttresses  of  lava  far  into  the  western  sea,  and 
has  thus  been  the  means  of  preserving  a  great  tract  of  Miocene 
Tertiarics  behind  it ;  these  constitute  some  of  the  best  land  in  the 
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conntrj.  South  Island, — The  denudation  comes  from  the  west : 
its  western  shores  also  approach  nearer  to  the  edge  of  the  platean, 
and  the  mountains  of  the  south-west  angle  rise  from  a  profound 
abyss  to  a  height  of  from  4,000  to  5,000  feet.  In  the  North  Island 
a  belt  of  hard  rocks,  consisting  of  the  Upper  Palaeozoics,  and  the 
older  Mesozoics,  constitutes  a  sort  of  back-bone,  occupying  the 
east- central  portions,  against  which  the  softer  beds  of  more  recent 
age  recline.  In  the  South  Island  this  belt  of  Upper  Palaeozoic 
rocks,  constituting  the  high  mountain  chain  known  as  the  Southern 
Alps,  sweeps  down  through  the  centre  with  an  incline  towards  the 
west,  and  then  curves  round  towards  the  east  again  quite  to  the 
sea  on  that  side.  Against  these  also  the  Upper  Mesozoics  and 
Tertiaries  recline.  On  the  west  and  south  of  this  easterly  bend  of 
the  belt  of  the  newer  Palaeozoics  a  great  mass  of  foliated  rocks 
occur  in  the  province  of  Otago,  constituting  the  well-known  gold- 
field.  In  the  far  south-west  we  have  only  crystalline  rocks,  and 
these  belong  to  a  series  which  seems  to  reappear  in  much  of  the 
detached  lands  of  the  Southern  Ocean,  such  as  Kerguelen's  Land, 
Auckland  Islands,  (&c.,  where  MioceuQ  volcanic  rocks  also  occur. 
The  meteorology  of  the  country,  as  having  an  important  bearing 
on  the  denudation  of  the  surface,  was  next  considered.  Referring 
principally  to  the  Southern  Island,  we  have  here  the  mixing  point 
of  the  N.E.  and  S.W.  currents.  On  the  west  Oside,  atkitika,  the 
annual  range  of  temperature  is  50^  ;  on  the  east  side,  at  Christ- 
church,  65° ;  moisture,  west  side,  90°  ;  east  side,  75° ;  rainfall, 
west  side,  120  inches ,  east  side,  25  inches ;  number  of  rainy  days, 
west  side,  202  ;  east  side,  91.  Much  of  this  enormous  precipita- 
tion is  deposited  as  snow  in  the  Southern  Alps,  which  comb  out 
the  moisture  from  the  westerly  winds ;  hence  the  extensive  glaciers 
of  the  mountain  region  and  the  comparative  diyness  of  the  Can- 
terbury Plains.  Mount  Cook  has  an  elevation  of  14,000  feet; 
this  is  the  principal  snow  area  of  the  Southern  Alps,  and  here  tlie 
island  is  narrowest.  In  shape  this  snow -field  is  less  compact  than 
that  of  the  Bernese  Oberland  and  of  the  Mont  Blanc  region ;  their 
respective  areas  are :  snow-field  of  Mount  Cook,  160  square  miles ; 
Bernese  Oberland,  140  square  miles  ;  Moat  Blanc,  75  square  miles. 
The  crystalline  mountains  of  the  south-west  do  not  contain  nearly 
so  much  snow.  The  Tasman  glacier  is  18  miles  long,  and  2  miles 
wide  at  its  terminal  face ;  the  terminal  face  of  the  Qodley  glacier 
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is  three  miles  across.  The  anthor  then  gave  a  description  of  the 
leading  featares  of  the  glacier  scenerj,  illustrated  by  very  effectiye 
pictures ;  one  of  Milford  Haven,  with  the  half-snowed  peaks  of 
Mount  Pembroke  and  its  neighbours  rising  to  a  height  of  more 
than  5,000  feet,  was  very  striking;  he  also  demonstrated  the 
erosive  action  of  glaciers  in  cutting  back  cols — an  action  more 
energetic  formerly,  some  of  the  cols  having  been  worn  down  as  low 
as  1,800  feet.  The  author  pointed  out  on  a  map,  specially  con- 
structed for  the  purpose,  the  immense  extent  of  the  snow  area  in 
former  times  as  contrasted  with  that  now  existing.  This  is  proved 
by  the  abundance  of  moraine  matter.  At  present  the  glaciers  on 
the  west  side  of  the  Southern  Alps  are  remarkably  clean  (as  was 
well  shown  by  a  splendid  series  of  sketches  in  colour  by  the  Hon. 
Mr.  Fox  and  lent  for  exhibition  to  the  meeting),  whilst  those  on 
the  east  side  are  largely  charged  with  detritus.  Following  a  given 
section  in  this  direction  away  from  the  central  ridges  we  find  gene- 
rally a  rock  basin,  and  still  lower  immense  moraines  extending  to 
the  Canterbury  Plains,  till  they  pass  under  the  deposits  of  these 
plains,  which  are  referred  to  Pliocene  and  Post-Tertiary  age.  In 
further  illustration  of  the  former  extent  of-  the  snow-fields,  the 
author  indicated  old  centres  of  glaciers  in  the  north  of  the  island. 
The  reason  for  this  contraction  of  the  ice  area  is  the  great  question 
for  determination.  Was  it  due  to  difference  of  climate,  the  result 
of  a  great  Glacial  period  ?  The  remains  of  the  past  fauna  afford 
no  evidence  of  this.  We  may,  indeed,  suppose  that  the  whole 
fauna  migrated  to  the  north,  but  we  must  in  that  case  invent  the 
land  and  bring  into  play  oscillations  more  extensive  than  those 
required  for  another  alternative,  viz.,  the  alteration  of  level  within 
the  area  itself.  We  might  suppose  a  general  alteration  of  level, 
even  to  the  extent  of  4,000  feet  higher  than  at  present,  but  the 
evidence  afforded  by  the  shore  line  is  unfavourable  to  this  view. 
There  remains  then  the  theory  of  unequal  elevation,  which,  com- 
bined with  a  most  enormous  destruction  of  surface,  the  result  of 
ages  of  glacier  action,  best  explains  the  phenomenon.  There  can 
be  no  doubt  that  at  present  the  south-west  portion  of  the  island, 
where  the  crystalline  rocks  prevail,  is  very  much  depressed  in  com- 
parison with  its  position  at  some  former  period  ;  the  extraordinary 
depth  of  the  sub-marine  valleys  proves  this.  The  author  was  in- 
clined to  believe  in  a  period  of  irregular  elevation,  the  south-west 
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portion  having  been  elevated  first,  though  possibly  the  Nelson 
region  at  a  still  earlier  date.  In  conclusion,  the  author  stated  his 
belief  that  there  had  been  no  general  change  of  climate,  but  many 
changes  of  relative  level,  resulting  in  a  great  destruction  of  surface, 
which  had  taken  place  in  groups  of  peaks  at  dififerent  times  ;  the 
areas  of  the  crystalline  rocks  have  been  least  affected  in  their  rela- 
tive changes  of  level,  the  oscillation  having  been  greater  in  other 
masses,  which  have  been  crumpled  up  against  these. 


ANNUAL    GENERAL    MEETING. 
February  4th,  1876. 

William  Carruthers,  Esq.,  F.R.S.,  F.G.S.,  &c.,  President,  in 
the  Chair. 

The  following  Report  was  read  by  the  Honorary  Secretary  :— 

report  of  the  general  oommitteb  for  the  year  1875. 

The  General  Committee,  in  presenting  their  Report,  have  every 
reason  to  congratulate  the  Members  upon  the  results  of  the  past 
year. 

A  large  number  of  new  Members  have  been  elected,  and  the 
interest  evoked  in  several  localities  by  the  Excursions  of  the  Asso- 
ciation, have  attracted  the  attention  of  local  geologists  to  a  con- 
siderable extent. 

The  losses  by  death  and  withdrawals  have  not  been  very  great, 
but  your  Committee  have  thought  it  necessary  to  exclude  from  the 
Association  several  Members  whose  contribudons  to  the  Treasury 
had  been  in  arrear  for  a  considerable  time.  Tour  Committee 
regret  to  say  that  in  this  way  some  of  the  founders  of  the  A  sso- 
elation  have,  in  consequence,  ceased  to  be  Members. 

Members  elected  during  1875      48 

Deaths       ...         •••         •••  6 

Withdrawals  and  exclusions        80 —     ...     86 

Increase    ...         •••         •••     12 
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In  coniM^Qence  of  the  iocremsed  pmictoalitj  in  tbe  pajmenl  of 
»nl/«(criptioriSy  und  tbe  guthering  in  of  aman,  the  rercniie  of  tlM 
AMf/cmiioti  in  in  A  very  eatuifactory  oonditioo,  as  a  refcmiM  to 
ttie  bftlance-iibeet  will  show,  and  jour  Committee  hare  mQeh  plea- 
•ure  in  finding  that  Members  hare  responded  so  readily  to  the 
sagg'^tion  c^/ntained  in  the  Report  of  but  year. 

Nr/twitbdtanding   tbe    increase   in    the  number  of    pages    of 

the  *^  Proceedings "  for  1875,  tbe  expenditure  of  the  Assoda- 

ium  has  been  kept  within  moderate  limits,  and  a  som  of  £60  has 

been  inrestefi  in  Consols,  being  £18  in  excess  of  the  amount  of 

Life  Coni|iositions  receired  dnring  tbe  year.     The  amount  of  stock 

now  {>OMHeHMed  by  tbe  Association  is  £207  Ss.  6d.,  which,  at  94, 

rq^resents  a  money  value  of  about  £195  Os.  lid.     The  number  of 

Life  Members  is  46,  representing  composition  fees  to  the  amount 

of  £248*     If,  therefore,  a  further  sum  of  £48  be  invested,  the 

obligations  of  tbe   Association  to  its  Life  Members  will  be  fully 

discharged,  and  yet  leave  a  balance  in  tbe  hands  of  the  Treasurer 

sufficient  for  all  contingencies. 

The  Oencral  Committee  have  much  pleasure  in  congratulating 
the  Members  on  tbe  amount  of  matter  which  has  been  published  in 
the  "Proceedings"  for  the  year  1875.  When  the  publication  of 
Quarterly  Proceedings  was  determined  upon  in  1871,  it  was  in- 
tended to  give  about  82  pages  to  each  number,  and  that  matter 
might  not  bo  wanting  for  a  regular  periodical  issue,  it  was  resolved 
to  conimonce  the  chronological  record  with  the  business  of  the 
mooting  of  February,  1870.  So  great,  however,  has  been  the 
amount  of  work  done  by  the  Association  since  that  period,  that 
the  publication  of  merely  four  numbers  of  82  pages  each  annually, 
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would  have  been  altogether  inadequate  to  yoar  requirements,  and 
there  would  now  have  been  a  large  accumulation  of  matter  un- 
printed.  The  financial  progress  of  the  Association  having  happily 
kept  pace  with  the  amount  of  work  accomplished,  your  Committee 
have  been  enabled  to  publish  much  more  than  was  originally  con- 
templated, and  by  larger  numbers  and  extra  numbers,  the  "  Pro- 
ceedings" have  now  overtaken  the  business.  An  average  publica- 
tion of  212  pages  annually,  for  five  years,  instead  of  128  as  intended, 
shows  that  the  Committee  have  not  been  unmindful  of  the  desire 
of  the  Members  for  an  early  appearance  of  the  Papers,  Lectures, 
and  Reports  of  Excursions,  which  they  rejoice  to  know  are  highly 
valued  when  printed. 

Papers  on  a  great  variety  of  subjects  have  been  read  during  the 
year. 

The  President,  on  the  opening  of  the  session  1876-6,  followed 
the  example,  so  well  set  by  his  predecessor,  of  delivering  an  In- 
augural Address,  which  attracted  a  large  audience. 

The  attendance  at  the  Evening  Meetings  has  generally  been  good. 

The  following  is  a  list  of  the  Papers  brought  before  the  Asso- 
ciation during  the  year  1875  : — 

Notes  on  the  Yolcanio  Geology  of  Iceland,  by  William  Lord  Watts,  Esq. 
On  the  Belative  Age  of  some  YaUejs  in  the  North  and  South  of  England, 

and  of  the  yarious  Glacial  and  Post-Glacial  Deposits  oconrring  in  them, 

by  C.  E.  Db  Range,  Esq.,  P.G.S. 
Remarks  upon  Geological  Boundary   Lines,  by    HoiiACi   B.    Woodward, 

Esq.,  F.G.S. 
Notes  on  the  Probable  Depths  of  the  Ganlt  Sea,  by  F.  G.  H.  Prics,  Esq., 

P.G.S. 
Notes  on  the  Flora  of  the  Ganlt,  with  a  description  of  a  New  Cone,  by  the 

President. 
On  the  Relationship  between  the  Somme  River  and  the  Somme  Valley,  by 

James  Parker,  Esq.,  F.G.S. 
On  the  Flora  of  the  London  Clay  of  Sheppey,  by  the  Prisidsnt. 
On  the  Mechanical  Laws  of  the  Movement  of  Rivers  and  Glaciers,  and  the 

Effect  of  these  Agents  in  producing  Valleys,  Lakes,  and  the  Contours 

of  the  Land  juat  prior  to  the  Historic  Period,  by  Alfred  Ttlor,  Esq., 

F.G.S. 
On  some  of  the  Causes  which  have  helped  to  shape  the  Land  on  the  North 

Wales  Border,  by  D.  C.  Davies,  Esq.,  F.G.S. 
The  Yorkshire  Oolites,  Part  II.,  by  W.  H.  Hudleston,  Esq.,  M.  A.,  F.G.S. 
Opening  Address,  Session  1875.6,  by  the  President. 
On  Quartz,  Chalcedony,  Agate,  Flint,  Chert,  Jasper,  and  other  forms  of 

Silica,  geologically  considered,  by  Professor  T.  Rupert  Jonbs,  F.R.B. 
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ASXTAL  6KTKEAL   XKKTIXG. 


DmiDg  the  year  the  fbUowing 
inspected: — 

MoKom  of  PnccicAl  Geology : — 


FibDGiiiologicia  CoDectiao 
Leicester  Town  M 
Mnsemn  of  the 

Society ... 
WUtby  Xnaeiim. 

Mnseiim  of  the 


■  «  •  < 


{ 


F.  W.  Bndler. 
KEtheridge. 
W.Hanisan. 
W.  Seed. 
J.  F.  Walker. 

The  Frendent  and 
Directon  of  the 


The  Excursions  of  the  Association  hare  been  rery  well  attended 
during  the  past  year,  and  in  this  respect  the  Committee  are  able 
to  congratulate  the  Members  on  the  success  of  an  institution  which 
is  peculiarly  the  prorince  of  the  Association,  and  which,  it  is  be- 
liered,  not  only  benefits  those  who  share  in  the  Excursions,  but  also 
tends  to  promote  geological  enquiry  in  each  district  risited.  An 
increase  of  Members  followed  each  risit  into  the  provinces.  Your 
Committee  are,  howerer,  aware  that  the  shorter  Excursions  in  the 
neighbourhood  of  the  metropolis  are  of  equal  importance  to  a  cer- 
tain section  of  the  Members,  though  in  these  the  attractions  of 
novelty  are  more  difficult  to  procure.  An  attempt  to  lessen  the 
cost  of  the  longer  Excursions  should  be  made. 

Subjoined  is  a  list  of  the  Excursions  made  during  the  year  1875, 
arranged  in  the  order  of  the  formations  visited : — 


PiBZOD. 

FORXATIOV. 

LOCALITT. 

Datx. 

Poft  Tertiiuj. 

Thamet  Valley  GraTdi. 

South  Kensmgton. 

July  10. 

t 

Mammalian  Deposits. 

Crayford. 

June  26. 

t» 

Paheolithio  GraTels. 

Heme  Bay. 

March  30. 

»» 

Purple  Drift  (Boulder  C[Bj).Filej  Baj. 

June  28. 

»» 

Boulder  Clay. 

Mount  Sorrel. 

May  19. 

»» 

Middle  Glacial  P 

Watford. 

Mayl. 

Booene. 

Bagshot  Sands. 

Isle  of  Sheppey. 

June?. 

»» 

London  Olaj. 

Isle  of  Sheppey. 

June?. 

»• 

Woolwich  and  Beading 

Beds,  Ac. 

Riohborongh. 

March  29. 

ft 

t» 

OldhaTen  Gap. 

March  30. 

M 

ti 

Watford  Heath. 

Mayl. 

» 

*( 

Erith. 

June  26. 

tl 

Thanet  Sands. 

PegwellBay. 

March  29. 

f« 

ft 

BeculTer. 

March  30. 

ft 

f* 

Croydon. 

April  17. 

ff 

«f 

Brith. 

June  26. 

3retaoeoufl. 

Upper  Chalk. 

Isle  of  Thanet. 

March  39*80- 

t» 

»t 

Croydon,  4to. 

Aprill7. 

f> 

(» 

Watford. 

Mayl. 

*• 

»f 

Crayford. 

June  26. 

ANNUAL   GENERAL   MEETING. 


419 


PlRIOD. 

FOBXATIOV. 

LOCALXTT. 

Dati. 

OretaoeooB. 

Red  Chalk. 

Speeton  Cliffs. 

July  23. 

»» 

Speeton  Clay  (Neooomian) 

$1 

July  23. 

Jorassio. 

Kimmeridge  Clay. 

Filey  Ray. 

July  23. 

M 

Upper  GalcareooB  Orit. 

Pickering. 

July  20. 

**                                ( 

r  Ooralline  Oolite. 

Pickering. 

July  20. 

„    Oxfor- ' 

1  Lower  Galoareoua  Grit. 

Filey  Rrigg,  Scarborough.  July  23  A  24. 

„      dian.  ^ 

Oxford  Clay. 

Cayton  Ray,  Scarborough.  July  22  A  2i. 

♦»                ' 

b.  Kelloway  Rook. 

Kewtondale,  Reddifl. 

July  20ft  83. 

i> 

Confaraeh. 

Kewtot  dale.  Fcarborough.  July  20  A  84. 

f» 

Upper  Bstoarine. 

Spa  Cliffs,  Scarborough. 

July  22. 

»( 

rScarborongh  Limestone. 

White  Nab,  Gristhorpe. 

July  88. 

,t  Inferior 

Middle  Eetuarine. 

Gristhorpe. 

July  88. 

„     Oolite.' 

Millepore  Red. 

Osgodby,  Gristhorpe. 

July  22. 

» 

Lower  Bstaarine. 

Whitby,  Rlue  Wyke. 

July  20  A  8L 

»» 

^Do^er  A  Passage  Reds. 

Whitby,  Blue  Wyke. 

July20A21. 

Jurassic. 

Upper  Lias. 

Whitby,  Peak. 

July20A81. 

f» 

Middle  Lias. 

Peak. 

July  21. 

(» 

Lower  Lias. 

Rarrow>on-Foar. 

May  19. 

Triapsio. 

Keaper  Marl. 

Lindridge,  Leicester. 

May  17. 

f» 

Reaper  Sandstone 

Groby. 

May  17. 

•t 

Ranter  conglomerate. 

Greeley. 

May  18. 

Bhaatio. 

Rone  Bed  and  Avicuia 

oontorta  shales. 

Leicester. 

May  19. 

Carboniferons. 

Coal  Measures. 

Lindridge,  Coton  Park. 

May  17  A 18. 

OaxabrianP 

Hlates. 

Rradgate  Park,  Swith- 

land. 

May  17. 

I^eou, 

Byenitee. 

Ghrol^. 

May  17. 

or 

Ftolfltones. 

Rardon  Hill. 

May  18. 

Metamorphic. 

Syenitio  Granite. 

Mount  SorreL 

May  19. 

niREGTORB    OF    EXCURSIONS    DURING   TUE   TEAR    1875. 

Mr.  George  Dowker,  F.Q.S.  ;  Mr.  Caleb  Evans,  F.G.S.;  Mr.  J. 
Logan  Lobley,  F.G.S.  (on  two  occasions) ;  Mr.  John  Evans,  F.R.S. 
(President  of  the  Geological  Society);  Professor  J.  Morris,  F.G.S. 
(on  three  occasions);  Mr.  John  Hopkinson,  F.L.S.,  F.G.S.;  Mr. 
James  Plant,  F.G.S. ;  Mr.  William  J.  Harrison,  F.G.S. ;  Mr. 
William  Molyneux,  F.G.S. ;  The  President  of  the  Association  (on 
two  occasions)  ;  Major  Duncan,  R.A.,  LL.D.,  F.Q.S. ;  Mr.  W.  H. 
Shmbsole ;  Sir  Charles  Strickland,  Bart. ;  Mr.  0.  Fox  Strang- 
ways,  F.G.S.,  of  the  Geological  Survey ;  Mr.  J.  W.  Woodall, 
F.G.S.;  and  Mr.  W.  H.  Hudleston,  M.A.,  F.G.S. 

The  thanks  of  the  Association  are  especially  due  to  the  follow- 
ing gentlemen.  Companies,  and  Societies  for  assistance  or  hospi- 
tality :— Mr.  F.  W.  Rudler,  F.G.S.;  Mr.  R.  Etheridge,  F.R.S. ; 
Mr.  John  Evans,  F.R.S.  (President  of  the  Geological  Society)  ; 
Mr.  James  Hopkinson ;  Mr.  R.  O.  Shore ;  the  Messrs.  Everard,  the 
Directors  of  the  Coton  Park  and  Linton  Colliery  and  Mr.  W. 
Molyneux,  F.G.S.;  the  Mount  Sorrel  Granite  Co.  and  Mr.  Edwards; 
Major  Duncan,  R.A.,  F.G.S.,  &c.  and  Mr.  Shmbsole;  the  Council 
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of  the  Yorkshire  Philosophical  Society,  and  Bir  Charles  Strick- 
land, Bart. 

The  Library  continaes  to  be  extensively  made  use  of  by  the 
Members.  During  the  last  three  years — since  a  bookcase  was 
provided  in  the  meeting-room — about  half  the  number  of  books 
belonging  to  the  Association  have  annually  been  borrowed.  The 
educational  value  of  the  Association  is  thus  greatly  added  to  by 
the  Library  ;  and  more  especially  as  the  majority  of  the  works  it 
contains — and  which  are  also,  as  mentioned  in  the  last  Report^  in 
greatest  demand — are  text-books  and  standard  works  treating  of 
the  different  branches  of  geological  science. 

The  principal  additions  during  the  past  year  have,  however,  been 
the  publications  of  the  Societies  to  which  the  Proceedings  are 
presented.  By  this  system  of  exchange,  at  a  small  expense  to 
the  Association,  a  valuable  library  of  reference  is  gradually  being 
formed,  and  the  Members  studying  the  geology  of  any  particular 
district  or  formation,  are  enabled  to  acquaint  themselves  with  the 
work  of  those  geologists  who  contribute  the  results  of  their  inves- 
tigations to  local  societies.  The  authors  of  papers  contributed  to 
the  Association  have  also  their  views  made  far  more  widely  known 
than  would  be  possible  by  any  other  means,  each  copy  of  the  Pro- 
ceedings thus  presented  being  accessible  to  a  considerable  number 
of  readers  in  the  principal  centres  of  scientific  thought  and  activity. 

The  alterations  in  the  composition  of  the  managing  body  of  the 
Association  this  year  are  not  numerous,  but  your  Committee  allude 
with  regret  to  the  fact  that  Mr.  Coombs  has  found  it  necessary  to 
resign  the  office  of  Librarian,  in  consequence  of  an  appointment 
in  the  provinces  compelling  him  to  leave  London. 

Your  Committee  have  much  pleasure  in  nominating  Mr.  John 
Hopkinson,  F.L.S.,  F.G.S  ,  as  his  successor,  and  feel  sure  that  the 
interest  which  that  gentleman  has  always  taken  in  the  affairs  of 
the  Association,  together  with  his  bibliographic  knowledge  and 
tastes,  is  a  guarantee  that  your  Library  will  still  be  in  good  hands. 

Your  Committee  have  much  pleasure  in  recommending  for  elec- 
tion as  an  Honorary  Member  of  the  Association,  Sir  Charles  Strick- 
land, of  Hildenley,  Bart.,  whose  hospitality  and  effective  services 
as  a  Director  of  the  East  Yorkshire  Excursion  last  summer,  have 
placed  the  Association,  to  no  small  extent,  in  his  debt.  Your 
Committee  also  recommend  that  the  President,  for  the  time  being, 
of  the  Geological  Society,  be  elected  an  ex^officio  Honorary  Member 
of  your  Association. 
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Yonr  Committee  again  desire  to  offer  your  best  thanks  to  the 
authorities  of  University  College  for  the  great  privilege  you  enjoy 
of  meeting  in  this  fine  hall,  as  well  as  for  the  courtesy  and  assist- 
ance accorded  on  all  occasions. 
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The  Eeport  of  the  Q^neral  Committee  was  nnanimotifll  j  adopted 
as  the  Annual  Report  of  the  Association  for  1875. 

Sir  Charles  Strickland,  Bart.,  and  the  President,  for  the  time 
being,  of  the  Geological  Society,  were  dalj  elected  Honoraiy 
Members  of  the  Association. 


GENERAL   COMMITTEE   AND   OFFICEES 

Elected  at  the  Annual  Oeneral  Meeting  of  the  Association,  held 
at  University  College,  February  4th,  1876 : — 

Pkesidknt. 
William  Carmthers,  Esq.,  F.R.S.,  F.L.S.,  F.G.S. 

Yicb-Prbsidknts. 


Prof.  T.  Bupert  Jones,  F.B.S.,  F.G.S. 
J.  Logan  Lobley,  Esq.,  F.G.S., 
F.B.G.S. 


Prof.  John  Morris,  F.G.S.,  Ac 
Henry  Woodwaidi  Esq.,  F.B.S., 
F.G.S.,  Ao. 


Trkasubkb. 
F.  G.  Hilton  Price,  Esq.,  F.G.S.,  F.B.G.S.,  M.A.L 

HONOBART  SkCBXTART. 

Wilfred  H.  Hudleston,  Esq.,  M.A.,  F.G.S.,  F.C.S.,  fto. 

HONORABT   LiBRA&IAN. 

John  Hopkinson,  Esq.,  F.L.S.,  F.G.S.,  &0. 


Gbnbbal 

William    Carmthers,   Esq.,    F.B.S., 

F.L.S*,  F.G.S. 
Frank  Glarkson,  Esq.,  F.G.S. 
Major  Dnncan,  B.A.,  M.A.,  D.G.L., 

LL.D.,  F.G.S.  &o, 
Bobert  Etheridge,  Esq.,    F.B.S., 

FJI.S.E.,  F.G.S. 
John  Fonlerton,  Esq.,  M.D .,  F.B.S.E. 
Captain  Marshall  Hall,  F.G.S.,  F.G.S. 
Henry  Hicks,  Esq.,  F.G.S.,  F.B.C.S. 
Matthew  Hawkins  Johnson,  Esq., 

F.G.S. 
John  Hopkinson,  Esq.,  F.L.S.,  F.G.S. 
Wilfred  H.  Hndleston,  Esq.,  M.A., 
F.G<S.,  F.C.S.,  &o* 


GOICHITTEB. 

Prof.  T.  Bupert  Jones,  F.B.S.,  F.G.S, 
J.  Logan  Lobley,  Esq.,    F.G.S.f 

F.B.G.S. 
Prof.  John  Morris,  F.G.S.,  &c 
Adam  Murray,  Esq.,  F.G.S. 
John  East  Hunter  Peyton,  Esq., 

F.G.S.,  F.B.A.S. 
F.  G.  Hilton  Price,  Esq.,  F.G.S.,  MJL  L 
Jeremiah  Slade,  Esq.,  F.G.S. 
Prof.  Jas.  Tennant,  F.G.S.,  F  0.8., 

F.B.G.S.,  &o» 
John  Francis  Walker,  Esq.,  M.A., 

F.G.S.,  &o. 
Henry  Woodward,  Esq.,  F.B.S., 

F.G.S.,  &o. 


Peoc.  Geol.  Assoc.,  Vol.  IV.,  Pl.  V. 


BORDER. 


6. 

f-BWCH. 
— =.       Soil. 
'^_      Clay  with  Stones. 

Brown  Sand. 
Brown  Loamy  Clay. 


^'i    Brown  Sandy  Gravel, 
with  much  Wator. 


^        Blue  Sandy  Clay,  with 
^  *  ^         large  Stones. 


•/?! 


Soft  bine  Mud. 


•  .y 
\^'  /   Fine  bluish  GravoL 


•  *[ '.  •'/  Brown  Quick  Sand. 

V  i   1 1  • 


Pig.  7. 
Wrexham. 


=^ 


'.f  '     c^  -       »'  Sand  and  Gravel. 
Z':?.Cl>   Gravel. 


•  '    .•   •.'  Sand. 
<^^      /J-'^  4     Gravel. 


:*     '    ^   .  '  r    Red  Sand. 
*    »     ^     •     * 


^^Loom. 

^  Sand  and  Gravel. 

Tsaud. 

l  Sand  and  Gravel. 


;  V  Sand,  with  small  beds  of 
I        Gravel. 


"    Soft  blue  Clay,  with  Loam. 


Clay  and  Loam. 


V'y-;  T--^"'-C'  -=180^^1  and  Gravel. 
^.    »^  •^..  Sand. 


Sand,  Gravel,  and  Clay 
mixed. 


Brown  Clay  with  Pockets 
of  Sand. 


•'^rg^'B  '.>;^Li4aiiXu;.Quick  Sand. 

Sand  and  Clay. 


>: 


-^^ 


^o- 


.  strong  Clay,  with  Stonm. 


Cool  Measures 


'  >  >J.i  Brown  Quick  Sand  ^wet). 

■^     if 

"*  Brown  Clay,  stony  at  top. 


Bed  Marl. 
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The  Thanks  of  the  Association  were  given  to  the  President, 
Honorary  Secretary,  Honorary  EMitor,  and  to  the  other  officers  of 
the  Association  for  the  past  year,  for  their  senrices,  and  the  Annnal 
Oeneral  Meeting  then  terminated. 


ORDINARY  MEETING,  Febbuary  4th,  1876. 

William  Gabruthebs,  Esq.,  F.R.S.,  &c.,  President,  in  the  Chair. 
The  following  Donations  were  announced  : — 

**  Abstracts  of  the  Proceedings  of  the  Geological  Society,"  Nos. 
310  and  311 ;  from  that  Society. 

"  Journal  of  the  Society  of  Arts,"  January,  1876 ;  from  that 
Society. 

**  Transactions  of  the  Manchester  Geological  Society,'^  Vol.  xiy.. 
Part  1 ;  from  that  Society. 

"  Annual  Report  .  .  .  .of  the  Smithsonian  Institution,  for 
the  year  1874;'*  from  that  Institution. 

**  On  a  Fossil  Saurian  Vertebra,  from  the  Arctic  Regions,'*  by 
W.  Leith  Adams,  F.R.S. ;  from  the  Author. 

"  L'age  des  conches  de  Blackdown"  (Devonshire),  from  M.  C. 
Barrois  ;  from  the  Author. 

*'  Excavations  at  the  Kesslerloch,  by  Conrad  Merk,  translated 
by  John  Edward  Lee  ;"  from  the  Publishers,  Messrs.  Longman, 
Green,  and  Go. 

The  following  were  elected  Members  of  the  Association  : — 

J.  H.  Cotton,  Esq.,  B. A.  Lond. ;  John  S.  Elgood,  Esq. ;  Henry 
Naidley,  Esq. ;  and  Lieut.  R.  G.  Warton,  Esq. 

The  following  Papers  were  read : — 

1.   On  the  Dbift  of  the  Nobth  Wales  Bobdeb. 

By  D.  C.  Davies,  Esq.,  F.G.S. 

The  yarions  strata  of  the  North  Wales  Border  to  which  I  have 
referred  in  former  communications  to  this  Association  are  hidden 
from  sight  throughout  the  greater  part  of  their  course  by  deposits 
of  gravel,  sand,  and  clay,  which,  grouped  together,  are  usually 
known  among  geologists  as  "  Drift." 

This  covering  becomes  most  complete  as  we  leave  the  moun- 
tainous region  of  Wales,  and  pass  down  the  eastern  slopes  of  the 
border  hills  to  the  Shropshire  and  Cheshire  plain.     In  this  low- 
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land,  it  is  only  when  this  awaijmg  drift 

has  been  cut  through  bj  riverB  and 
Btreama,  or  cut  and  Bunk  throagb  for 
mining  parpoaeB,  that  we  are  at  all  able 
to  diBcorer  the  nnderljing  rock. 

Id  traveraitig  the  coaoti;  tnm  east 
to  west,  the  Drift  attains  its  greatest 
thickness  along  a  line  drawn  north  and 
south  throngh  the  towns  of  Oswestry 
and  Wrexham;  reaching  its  maximom 
known  thickness— along  that  line — of 
about  150  feet  between  Riiabon  and 
Wrexham,  West  of  this  line,  generally 
speaking,  it  decreases  in  thickDesa,  the 
exceptions  to  this  mle  being  drifted  de- 
posits of  great  thickness,  which  nestle 
in  the  hollows  and  ralleys  of  the  hilly 
region  west  of  the  border  hills.  With 
similar  erceptions  it  becomes  attenuated 
also  as  it  spreads  itself  over  the  New 
Red  Bandstone  plain  of  ShopBhire  and 
Cheshire. 

Among  the  best  open  exposures  of 
the  Drift  are  Old  Oswestry  Gravel-pit 
(Fig.  9),  which  is  500  feetabore  the  sea, 
and  the  gravel  ridge  of  Qresford,  north 
of  Wrexham,  though  the  tatter  is  now 
mnch  covered  with  vegetation.  This  is 
not  more  than  150  to  200  feet  above 
the  level  of  the  sea.  The  pit  section, 
Plate  y,  Fig.  7,  represents  tlie  Drift  of 
this  ridge.  The  pit  sections  Figs,  I  to  7, 
which  accompany  thie  paper,  wit)  afford 
a  detailed  view  of  the  stractnre  and 
composition  of  the  Drift  from  south 
to  north,  between  the  towns  of  Oswestry 
and  Wrexham. 

Many  attempts  have  been  made  to 
subdivide  and  classify  the  Drift  deposits 
in  various  parts  of  Great  Britain,  but 


OF  THE  NORTH  WALES  BORDER.  425 

the  attempt  is  rendered  very  difficult  by  the  nncertain  and  locally 
differing  nature  of  the  deposits. 

By  a  comparison  of  the  pit  sections,  Plate  V  Figs.  1  to  7,  with 
the  Diagrams,  Figs.  8  to  13,  the  following  may,  I  think,  be  assumed 
to  be  the  general  order  in  which,  on  a  descending  scale,  these 
deposits  occur  in  the  district  under  notice  : — 


f» 


» 


1 


o 


Groap  I. — a.  Peafc  deposit,     h.  Freshwater  ^ 

sheU  beds.   c.  Briok-olays  and  (  Post  Glaoial 

redistribated  gravels  and  olays  w  Period, 

oontaining  marine  shell -beds,  d  J 

II. — Stiff  olay,  Mrith  bonlders  of  both  ">       Upper 

local  and  northern  origin  j  Bonlder  Clay. 

in. — ^A  snccession  of  sand  and  gravel  "^        Middle 
deposits,  with  beds  of  mnd  >     Sands  and 
and  clay         j       Gravels. 

„    lY.— Stiff  clay,  with  bonlders  of  local ")  Lower  Bonlder 
and  northern  origin j  Clay. 

„      V.-Deposits  of  sand,  gravel,  olay,^  Pre-Glaoial 

and  other  materials  of  local  >  p    -Tj 

origin  ...         ...         ...  j 

We  will  take  the  last  deposit  first,  and  take  the  series  in  ascend- 
ing order. 

Group  V  is  not  much  developed.  Between  Oswestry  and  Llany- 
mynech,  where  the  band  of  Carboniferous  Limestone  terminates  on 
the  south,  the  irregularities  of  that  limestone  are  filled  up  with  a 
deposit  of  mud  which  has  been  washed  out  of  the  shales  and  marls 
of  the  limestones,  and  which  contains  concretionary  deposits  of 
manganese,  iron,  and  other  minerals,  that  are  distributed 
throughout  the  limestone  series.  On  the  west  coa$t  of  North 
Wales  these  inequalities  and  cavities  are  filled  with  sand*  which 
has  apparently  been  washed  and  blown  in  them  from  the  Millstone 
Grit.  Then,  as  in  the  Quinta  Section,  Plate  V,  Fig.  2,  there  are  fine 
gravels  and  sands  underlying  the  tough  stony  clay  which  forms  the 
base  of  the  Glacial  series.  There  is  not  much  to  be  observed  in 
connection  with  these  pre -Glacial  deposits  except  this — that  the 
exposed  strata  of  the  district  were  subject  to  flavial  and  atmospheric 
action,  as  we  should  primd  facie  expect  they  would  be,  before  the 
advent  of  the  Northern  Drift  with  its  coeval  Glacial  conditions. 

Before  describing  in  detail  the  varions  groups  which  make  up 
the  Glacial  division  of  the  series,  I  would  first  of  all  observe 
generally  that,  excepting  the  finer  muddy  portions  of  the  division, 
the  materials  of  which  the  whole  is  composed  are  the  same  from 

*  See  Mr.  Maw's  paper,  as  given  in  list  appended  to  this  paper. 
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bottom  to  top.  To  a  man  who  lias  been  hammering  awaj  on  eliff 
and  in  qnarrj  for  twenty  jeare,  many  chips  of  old  familiar  blocks 
meet  his  eje.  There  are  the  representatives  of  the  ashes,  traps, 
and  greenstones  of  61jn  Ceiriog,  together  with  all  the  rariations  of 
these  beds,  as  they  traverse  the  country  westward  to  the  Arrans 
and  Arenigs.  To  the  representatives  of  this  gronp  of  rocks  must 
be  given  the  numerical  superiority  ;  though  doubtless,  as  we  shaU 
see,  there  are  mixed  up  with  them  many  of  similar  character  from 
the  like  rocks  in  the  North  of  England  and  Scotland. 

Next  come  the  Llandeilo  and  Bala  limestones,  in  all  their 
varieties  of  texture-— coarse  and  gritty,  crystalline  and  fossilifeioos. 
One  cannot  visit  a  gravel  pit  without  observing  at  once  the 
partially  decayed  blocks  which  show  us  the  fossils  in  all  stages  of 
oxidization  and  decay.  With  the  limestones  are  found  also  frag- 
ments of  their  aiwociated  strata,  together  with  their  interwoven  veins 
of  quartz,  felspar,  and  more  metallic  substances.  The  Wenlock  Shale 
is  well  represented  from  the  sandy  and  somewhat  micaceous  blocks 
of  Denbighshire  Grits,  to  the  flaggy  fossiliferous  beds  which  lie  near 
the  summit  of  the  group.  Almost  as  numerous  as  the  felstones  and 
greenstoDes  are  the  boulders  of  Carboniferous  Limestone.  Rolled 
and  waterwom  fragments  of  the  Lower,  Middle,  and  Upper  beds' 
of  the  North  Wales  Band  abound  everywhere.  The  same  is  true  of 
the  Millstone  Orit,  with  this  interesting  addition :  I  have  found 
fossiliferous  fragments  of  the  (irit  derived  from  beds  I  have  not 
yet  been  able  to  find  in  8itu,  and  which  contain  groups  of  Carbon- 
iferous fossils,  the  parent  beds  of  which  are  as  yet  covered  and 
nnkuown.  Fragments  of  coal,  broken  off  their  parent  beds  when 
those  were  exposed,  are  also  plentiful,  as  are  also  layers  of  Car- 
boniferous matter  in  the  finer  sands. 

To  enumerate  the  fossils — many  of  which  are  well  preserved — 
that  arc  found  in  these  boulders  would  be  to  give  an  almost  com- 
plete list  of  those  belonging  to  each  rock  formation,  suffice  it  to 
say  that  a  nice  collection  may  be  formed  by  repeated  visits  to 
almost  any  gravel-pit. 

Besides  tbe  stones  I  have  just  enumerated,  there  are,  north  of 
the  town  of  Oswestry,  numerous  boulders  and  pebbles  of  granite 
known  among  geologists  by  the  name  of  **  Scotch  granite.'* 
Of  these  there  are  three  principal  varieties.  The  first  is  of  a 
deep  red  colour,  from  its  crystals  of  red  felspar,  which  are 
of  a  largo  size.     These  are,   1  believe,  traceable  to  the  extreme 
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north- west  limit  of  Scotland.  The  next  is  more  pinky  in  colour, 
from  a  larger  admixture  of  white  quartz  with  the  red  felspar.  It 
is  finer  in  texture  than  the  last,  and  apparently  it  does  not  disin- 
tegrate so  readily.  It  bears  a  close  resemblance  to  the  light-red 
yaricties  of  granite  worked  near  Aberdeen.  The  third  is  of  a 
greenish  hue  shading  off  into  grey,  like  those  of  Sutherland, 
Kirkcudbright,  and  the  same  yarieties  near  Aberdeen. 

We  naturally  infer  that  the  means  of  transport  by  which  these 
northern  wanderers  were  brought  over  the  border  would  carry  also 
boulders  aud  debris  of  the  rocks  with  which  they  were  associated 
at  home.  It  is  probable,  therefore,  as  I  have  already  hinted,  that 
many  of  the  syenite,  porphyritic,  greenstone,  and  trappean 
boulders,  as  well  as  the  debris  of  ordinary  stratified  rocks,  would  be 
brought  with  the  granites  from  those  northern  regions.  The 
generic  name  of  the  whole  assemblage  is,  as  you  know,  the 
"  Northern  Drift." 

The  finer  sands  of  the  deposits,  I  need  hardly  say,  are  pul- 
verized quartz  and  sandstone.  The  clays  are  decomposed  felspar, 
and  the  mud  is  the  re-deposited  washing  of  shales.  The  whole  of 
the  stratified  materials  have,  as  we  shall  see,  been  mechanically 
separated,  and  have  been  deposited  under  different  conditions. 

We  will  now  resume  our  consideration  in  detail  of  the  groups 
into  which  I  have  divided  the  whole  deposit,  beginning  with 
Group  IV. 

It  will  be  seen  that  in  six  out  of  the  seven  sections  given  the 
basement  of  the  Drift  consists  of  a  deposit  of  clay  which  is  more 
or  less  stony ;  and  I  could  adduce  numerous  sections  to  show  that 
with  the  exceptions  contained  in  Group  V,  the  basement  bed  of  the 
Drift  over  nearly  the  whole  area  consists  of  this  stony  clay.  This 
clay  usually  derives  its  colour  from  the  underlying  stratum,  or 
**  solid,"  as  it  is  called  by  the  miners.  Over  the  greater  part  of  the 
Welsh  Border  this  solid  is  composed  of  the  Red-marls  of  the 
**  Upper  Carboniferous"  or  Permian  strata ;  hence  the  prevailing 
colour  of  this  basement  bed  of  the  Drift  is  red  and  brown. 
Where  the  overlying  gravel  is  worked  it  forms  the  "  rommel "  of 
the  quarry  man.  In  its  lower  portion  it  is  free  from  stones,  and 
graduates  in  texture  into  the  underlying  stratum.  Stones  appear 
in  it  as  we  ascend,  and  become  more  numerous  as  we  approach  the 
overlying  beds.     In  its  upper  portion  it  has  frequently  irregular- 
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shaped  depoeits  of  fine  gravel  and  coarBe  sand,  which  also  increaM 
in  namber  as  we  ascend.  Man;  of  the  bonlders  are  of  large  sise, 
and  most  of  them  are  rolled,  scarred,  and  striated.  They  include 
all  the  rarieties,  local  and  foreign,  which  I  hare  jost  ennmerated. 
This  deposit  I  take  to  be  the  true  Lower  Boulder  Clay. 

Above  this  Lower  Boulder  Clay  we  have  a  great  and  nried 
thickness  of  stratified  sands,  grsvels,  mud,  and  clajs.  As  a  rale, 
the  sands  and  gravels  are  finest  in  their  composition,  and  are  more 
regular  in  their  stratification  near  the  base  of  the  division.  This 
is  well  seen  in  the  Old  Oswestrj  section  (Fig.  9).  The;  are  there 
interleaved,  aa  I  have  said,  with  black  layers  of  ooaly  fragments, 
and  also  of  carbonaceoDS  matter,  whirh  represents  the  drifted 
plant  remuns  and  vegetation  of  the  period. 

riG.  9.— OLD  OaWESTBY  GBAYEL  PIT. 


OUji  ftnd  QnnU  with 


Where  a  snfficient  breadth  of  these  gravel  and  sand  deposits  is 
exposed,  the  regular  irregularity,  as  I  may  call  it,  of  their  stratifi- 
oatjon  is  well  shown.  There  are  central  bosses  of  sand,  with 
layers  of  pebbles,  shelving  off  on  either  side ;  shelving  sand  banks, 
with  gravelly  deposits  abutting  against  them,  as  in  Fig,  10;  wedge- 
shaped  beds  of  gravel,  the  materials  of  which  are  fine  at  the  thin 
edge  of  the  wedge,  and  increase  in  coarseness  upwards  towards  the 
thicker  end.  Then,  the  pebbles  and  boulders  are,  for  the  most 
part,  smoother  by  attrition  and  polished  by  long  travel. 
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FIG.  10.— OSWESTRY  RAOECOUESB. 


1  Brown  adhesire  Sand  with  Sootoh 

Granite. 

2  Layers  of  Sand  and  PebUes. 


8  Pebblea.     ■ 

4  Brown  Sand. 

5  Very  Fine  Light  Brown  Band. 


Towards  the  middle  portion  of  several  of  the  sections  there  is, 
it  will  he  seen,  a  deposit  of  fine  hlue  mud.      It  is  also  met  with 
sometimes  in  well  sinkings  near   Oswestry.     A  similar  deposit, 
though  probahly  of  more  recent  origin,  is  found  in  the  valley  of  the 
Severn  at  Melverley.     When  the  railway  between  Shrewsbury  and 
Welshpool  was  in  course  of  construction  an  attempt  was  made 
to  make  a  tunnel  through  Middletown  Hill,  near  the  latter  place, 
but  the  attempt  had  to  be  abandoned  because  of  the  presence  of  a 
deposit  of  blue  mud — which,  perhaps,  is  nuore  nearly  of  an  age 
with  the  mud  of  Group  III — which,  when  mixed  with  water,  had 
about  the  consistency  of  batter  pudding.     I  mention  this  because, 
when  noticing  that  deposit  at  the  time  I  described  it  as  the  fine 
washings  off  the  faces  of  Plynlimmon  and  her  children  which  make 
up  the  mountainous  region  forming  the  watershed  of  the  Severn  ; 
and  to  any  one  familiar  with  the  mountainous  region  made  up  of 
Wenlock  Shale,  which  forms  so  large  a  part  of  the  counties  of 
Montgomery  and  Denbigh,  it  will  be  quite  clear  that  the  blue  mud 
of  the  middle  portion  of  the  section  is  derived  from  thence.     The 
clays  of  Group  III  are,  for  the  most  part,  thin  and  not  continuous. 
They  are  similar  in  composition  to  the  Lower  and  Upper  Boulder 
Clays ;  for  both  of  which,  I  fear,  they  are  sometimes  taken  when 
looked  at  in  limited  sections. 

Filling  up  the  inequalities  of  these  Middle  Gravels  and  Clays, 
the  Upper  Boulder  Clay  (Group  II)  is  seen  to  rest,  as  sh9wn  in 
Figs.  8  and  11.     It  is  also  shown  in  the  right  hand  comer  of  Old 


FIG.  11.— OSWESTRY  RACECOURSE. 


'.—I    1  Boulder     Clav 
with    Sootch 
Granite. 
2  Pebbly     Bed 
(9ft.  thick.) 


3  Debris. 
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Oswestry  Gravel-pit  (Fig.  9),  and  also  as  occupying  the  snmmit 
under  the  soil  of  most  of  the  sections.  It  varies  in  thickness  from 
one  to  twenty  feet,  and  sometimes  it  thins  out  altogether,  as  shown 
in  Fig.  8,  the  underlying  beds  coming  up  to  the  surface,  as  they 
do  under  a  good  portion  of  the  town  of  Oswestry.  Where  the 
deposit  is  thickest  irregular  beds  of  sand  are  often  found  a  little 
way  from  the  surface.  This  is  particularly  the  case  in  the  region 
of  St.  Martin's,  Ifton,  and  the  country  north  of  those  places 
towards  Wrexham.  It  is  also  distinguished  bj  the  presence  in 
great  numbers  of  large  boulders,  some  of  which  would  weigh  fire 
or  six  tons.  It  is  difiBcult  to  say,  however,  whether  these  large 
boulders  are  more  numerous  in  the  Upper  than  in  the  Lower 
Boulder  Clay,  because  we  have  fewer  opportunities  of  examining  the 
latter ;  but,  as  far  as  my  experience  goes,  I  think  they  are  more 
plentiful  in  the  Upper  Clay.  They  stud  the  surface  of  the  country 
along  the  Welsh  Border,  so  that  one  cannot  take  a  walk  a  mile  in 
length  in  any  direction  without  meeting  with  some  of  them.  The 
greater  part  of  them  are  greenstones,  porphyritic  and  felspathie 
rocks,  with  Carboniferous  Limestone  and  Millstone  Grit  boulders 
irom  the  region  west  of  Oswestry.  Rocks  of  the  former  class 
prevail,  and  many  of  them  are  traceable  to  the  particular  beds 
whence  they  were  derived,  though  doubtless  some  of  them  came 
also  from  the  north  along  with  the  granites.  These  large  boulders 
preserve  their  original  outline,  though,  of  course,  the  sharpness  of 
their  edges  is  more  or  less  taken  off. 

Before  I  notice  the  brick-clays  and  other  deposits  in  Group  I, 
an  answer  may  be  sought  to  the  question.  How  came  this  vast 
mass  of  boulders,  gravel,  sand,  loam,  mud,  and  clay  where  it  is ;  and 
by  what  means,  and  under  what  conditions,  was  it  all  deposited  7 

That  stones  grow  is  a  common  belief  among  the  peasantry  of  the 
Welsh  Border ;  and  there  is  a  story  told  of  a  Shropshire  farmer 
who  claimed  to  be  paid  by  his  landlord  for  stones  the  latter  was 
carting  off  his  fields  on  the  plea  that  by  the  agreement  the  tenant 
was  entitled  to  everything  that  grew  upon  the  farm.  We,  of 
course,  must  seek  a  different  explanation,  especially  as  we  bare 
already  in  part  traced  the  materials  back  to  their  original  homes. 

In  attempting  to  give  this  explanation,  I  would  begin  by  saying 
that  there  would  be  first  of  all  the  breaking  off  and  the  extraction 
of  all  these  materials  from  their  original  strata.  Through  the 
whole  of  the  period  embraced  by  the  deposits  rain  would  fall, 
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which  wonld  wash  the  fine  dast  and  mud  from  the  hill  slopes  and 
other  land  surfaces.  Water  would  fill  original  cracks  of  shrinkage 
and  disturbance  in  the  rock  masses.  Frost  would  succeed, 
congealing  and  expanding  the  water,  which,  with  its  expansive 
power,  would  split  off  fragments  great  and  small.  The  sea,  also, 
would  fill  inlets  and  creeks,  it  would  undermine  cliffs,  and  wash 
away  the  softer  beds.  Down  the  mountains,  streams  and  glaciers, 
now  simultaneously  and  again  alternately,  and  in  every  shade  of 
combination,  would  bring  blocks,  boulders,  and  splinters  to  the  sea. 
There  were  torrents  in  which  the  said  blocks  and  fragments  would 
be  rolled  and  smoothed.  There  were  rivers  down  which  mud  and 
silt  came.  There  were  shallow  creeks  into  which  the  whole  were 
brought.  Glacier  masses  broke  off  at  the  coast  and  floated  away 
with  their  burden  of  stone.  The  shallow  seas  and  margins  of 
deeper  water  froze.  Thaw  succeeded,  and  great  ice  masses  from 
the  coast  lines,  with  their  imbedded  debris^  floated  off  to  sea,  and 
deposited  their  burden  on  the  ocean  floor.  Similar  floes  like  those 
which  now  come  from  the  north,  and  career  down  the  Atlantic, 
came  from  the  north  then,  and  reaching  these  warmer  latitudes 
melted  and  mingled  their  imbedded  stones  with  those  of  the 
nearer  regions. 

Deposited  on  the  sea  bottom  the  whole  of  these  materials  were 
subjected  to  a  sifting  and  sorting  process,  by  eddies,  currents,  and 
storms,  by  which  means  the  materials  got  distributed  according  to 
their  size,  specific  gravity,  and  the  depths  of  the  sea.  The  large 
boulders  remaining  for  the  most  part  where  they  were  let  down  ; 
the  small  boulders  and  pebbles  rolled  by  tides  and  currents  in 
shallow  seas,  and  on  shingle  beaches  and  banks ;  the  sand  stirred 
into  commotion,  floating  into  deeper  water ;  and  the  finest  mud 
held  in  solution  longest  settling  down  at  last  in  still,  deep  seas. 

It  will  be  inferred  from  a  perusal  of  the  sections  that,  at  any 
given  spot  in  the  district  now  covered  by  Drift  there  has  been  a 
great  variety  of  oceanic  depths  and  conditions  of  the  water.  The 
lowest  clay,  with  its  beds  of  fine  sand  and  boulders  scattered 
through  it,  indicates  water  of  a  moderate  depth.  This  must  also 
be  true  of  the  Upper  Boulder  Clay.  The  fine  mud  in  the  middle 
of  the  sections  indicate  deep  water  in  a  quiescent  state,  probably 
over  a  large  area.  The  beds  of  rolled  boulders  and  pebbles  show  a 
shallow  and  rough  sea,  while  the  loamy  deposit  seem  to  indicate 
land  surfaces  and  some  degree  of  vegetation. 
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,  Now  a  consideration  of  the  phenomena  presented  by  these  three 
groups  of  the  Olacial  Period  leads  ns  to  some  important  and  in- 
teresting inferences, 

I. — We  see  how  from  top  to  bottom  a  large  portion  of  the 
materials  are  of  local  origin,  being  derived  from  what  is  now  the 
mountainous  region  of  North  Wales,  from  which  we  infer  that 
during  the  whole  period  embraced  by  the  deposits  some  portions  or 
other  of  that  country  were  above  water.  That  its  mountains 
formed  an  archipelago  of  islands — an  archipelago  which,  as  we 
shall  see,  was  ever  changing  its  outline,  but  whose  mountains  were 
high  enough  to  sustain  glaciers.  We  infer  further  that  throughout 
the  whole  period  the  sea  that  washed  these  islands  was  not  closed 
and  ice  bound  for  long  together. 

II,_We  have  seen  how  from  bottom  to  top  of  the  deposits  the 
Northern  Drift  is  mixed  up  with  that  of  local  origin,  and  we  infer, 
as  in  the  case  of  the  sea  to  the  west,  that  the  sea  to  the  north  was 
more  or  less  open  throughout  the  whole  period. 

III. — We  see  how  the  entire  deposit,  with  the  exception  of  the 
loams,  indicates — nay  demands — marine  or  aqueous  conditions.  I 
do  not  say  that  the  land  was  not  here  and  there  and  now  and  again 
bound  up  in  ice — I  have  already  shown  such  was  the  case — but  I 
look  in  vain  fur  anything  in  the  whole  range  of  these  deposits 
which  necessitates — nay  more,  which  is  consistent  with  the  idea  of — 
a  great  wide -spread  ice-cap  mantling  sea  and  land  and  travelling 
hither  and  thither  in  defiance  of  all  known  laws  of  motion.  The 
phenomena  we  have  been  considering  do  not  require  its  presence, 
but  they  do  require  its  absence.  Suppose  we  call  in  its  aid  for  the 
formation  of  either  the  Lower  or  Upper  Boulder  Clay,  it  would 
spoil  at  once  for  us  the  stratified  sands  and  gravels  which  are  con- 
.tained  in  both.  Certainly  the  middle  deposit  (Group  III)  could  not 
be  formed  by  its  Agency. 

Besides  the  great  alternations  of  level  which  took  place  daring 
the  deposition  of  the  Glacial  Drift,  there  are  evidences  in  the 
district  we  are  considering  of  local  alternations  of  level ;  of  eleva- 
tions and  depressions  taking  place  within  a  limited  area.  I  will 
give  two  illustrations  of  this.  In  the  drift  of  the  hill  Cefn  Coch, 
four  and  a-half  miles  N.W.  of  Oswestry,  we  find  blocks  of  Car- 
boniferous Limestone  and  Millstone  Grit  mixed  up  with  northern 
boulders.  But  as  the  limestone  ridges  are  now  some  two  hundred 
feet  below  the  drifted  blocks,  we  must  infer  that  a  change  in  the 
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relative  height  of  these  hills  has  taken  place  since  those  Qar- 
honiferous  ridges  were  high  enough  for  their  denuded  fragments  to 
be  floated  over  surfaces  which  now,  in  near  proximity,  are  two 
hundred  feet  above  themselves. 

Again  :  on  the  top  of  the  Oswestry  Racecourse,  which  is  three 
hundred  feet  above  Old  Oswestry  gravel-pit  (Fig.  9),  we  find,  as 
shown  in  Figs.  10  and  1 1,  flue  sands,  with  Oravels  overlaid  by 
Boulder  Clay,  which  present  the  same  sea  conditions  and  indications 
of  depth  as  we  flnd  in  Fig.  9,  flve  hundred  feet  below  them.  But 
as  we  cannot  suppose  the  same  marine  conditions  existing  with  a 
difference  of  depth  of  flve  hundred  feet,  we  must  infer  that  this 
difference  has  taken  place  since  the  deposition  of  the  beds  of  Drift ; 
possibly  by  the  elevation  of  the  frontier  ridge  of  North  Wales,  of 
which  this  hill  forms  a  part. 

The  Scotch  granites  do  not  seem  to  pass  southward  beyond  the 
town  of  Oswestry.  Sir  Roderic  Murchison  noted  this  fact  in  1839 
in  his  Silurian  System.  He  sought  to  accoxmt  for  it  by  the 
supposed  existence  of  promontories  of  Carboniferous  rocks  which, 
jutting  out  eastward,  barred  the  progress  of  the  Northern  Drift  to 
the  south.  But  the  height  at  which  boulders  are  now  found  on 
those  supposed  promontories,  together  with  the  drifted  deposits  by 
which  they  are  covered,  show  that  they  must  have  been  for 
lengthened  periods  under  water. 

The  true  cause  ia  to  be  found,  I  think,  in  the  force  of  opposing 
currents,  which  here  set  in  from  the  west  and  the  south,  and  which 
turned  the  northern  and  western  ice-floes  eastwards  over  the 
Shr(^hire  plain.  The  existence  of  these  currents  is  indicated  by 
the  prevalence  in  the  Drift  of  Felton,  Baschurch,  and  the  country 
generally,  lying  between  Oswestry  and  Shrewsbury;  of  boulders 
and  splinters  of  the  Bala  Limestone  and  its  associated  beds,  which 
from  the  abundance  and  the  grouping  of  certain*  kinds  of  fossils, 
evidently  came  from  the  region  lying  between  Llanrhairadr,  Llan- 
fyllyn,  and  Meifod.  The  northern  granites  dovetail  westward  up 
the  Welsh  valleys  into  the  local  Drift,  but  not  for  any  considerable 
distance.  I  have  noticed  them  resting,  as  I  have  said,  on  Cefn  Coch 
and  on  the  hill  lying  between  Selattyn  and  Llanarmon,  at  a  height 
of  1,400  to  1,500  feet  above  the  present  sea  level.  I  have  made 
many  traverses  of  the  mountainous  region  lying  west  and  south- 
west of  these  hills,  but  I  have  hitherto  failed  to  detect  any  traces 
of    the    granitic  boulders.      They  extend,   however,   down  the 
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western  coast  of  Wales,  and  I  have  noticed  them,  though  not  of 
large  size,  as  far  soath  as  the  centre  of  Cardigan  £aj. 

Attempts  are  sometimes  made,  irom  the  direction  in  which  the 
local  boulders  have,  in  travelling,  grooved  and  striated  the  under- 
lying rocks,  to  trace  the  sources  from  whence  these  boulders  were 
derived.*  A  little  consideration  will,  however,  show  that  such  data 
are  not  to  be  relied  upon.  For  it  will  be  seen  that  from  the  fre- 
quent local  and  general  alternations  in  the  level  of  land  and  sea, 
such  striations  are  insufficient  of  themselves  to  indicate  the  parent 
locality  of  the  boulders.  Besides,  the  ice  floes  in  which  the  latter 
would  be  fixed  and  borne  over  the  sea  would  be  influenced  in  their 
course  by  eddies  and  currents,  and  would  often  tack  about  like  a 
ship  at  sea,  so  that  the  sharp  under  projecting  points  would  often 
scratch  the  underlying  rock,  in  directions  the  very  opposite  from 
those  along  which  they  had  travelled. 

It  is  only  by  a  very  intimate  knowledge  of  the  rock  structure  of 
a  country  that  one  is  able  to  indicate  with  any  degree  of  certainty 
the  locality  from  whence  the  boulders  were  derived.  In  the  case 
of  the  trappean,  felspathic,  and  greenstone  boulders  of  the  district 
we  are  considering,  this  is  especially  difficult,  inasmuch  as  there  is  a 
strong  family  likeness  among  similar  rocks  in  situ  in  all  their  un- 
dulations from  the  Welsh  Border  to  the  western  side  of  the 
Berwyn  Mountains  and  to  the  Arenigs  and  Arrans. 

It  is  interesting  to  notice,  however,  in  Group  III,  at  the  mouths 
of  the  valleys  which  run  into  the  heart  of  Wales,  the  grouping  of 
the  debris  of  the  strata  through  which  these  valleys  wind.  For 
example,  the  valley  of  the  Morda,  which  debouches  on  the  plain, 
one  mile  south  of  Oswestry,  runs  up  into  the  hilly  region  near 
Llansantfraid  Glyn  Geiriog,  where  its  sources  are  only  a  mile 
distant  from  the  valley  of  the  Ceiriog,  which  opens  out  to  the 
plains  six  miles  north  of  Oswestry.  But  at  or  near  the  mouths  of 
both  these  valleys  debris  of  the  red  porpbyritic  rock  of  Llech- 
rhyddau  (Stonefords)  in  the  upper  reaches  of  the  Morda,  and  of 
Pontymeibion  in  the  Ceiriog,  abound.  At  the  mouth  of  the  latter, 
Bala  and  Llandovery  rock  and  Wenlock  Shales  are  also  abundant, 
the  river  traversing  these  formations.  Carboniferous  Limestone 
and  Millstone  Grit  fragments  are  abundant  in  the  Drift  of  the 
Alyn  west  and  north  of  Wrexham. 

*  See  Mr.  Macintosh's  paper  "  On  the  Boulders  of  Llanarmon/'  as  giren 
in  Appendix. 
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I  do  not  know  that  any  marine  sbelln  or  other  fossila  cont«mpora- 
neons  with  the  deposits  hsTe  as  yet  been  found  in  these  Glacial 
Drift  beds  (Oronps  II,  III,  and  IV).  Nor  do  they  contain  frag- 
ments drifted  from  the  east. 

We  now  come  to  the  consideration  of  Oronp  I.,  and  we  will 
commence  with  the  redistributed  sands  and  gravels  [d), 
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After  the  deposition  of  the  [Jpper  Bonlder  Clay,  and  while  the 
high  lands  along  the  Welsh  Border  were  only  partially  submerged, 
a  process  of  denadation  and  redistribution  went  on  for  a  lengthened 
period,  by  means  of  which  the  materials  of  the  three  gronps  jnst 
described  were  washed  ont,  and  deposited  either  in  hollows  of  the 
older  gravels  and  clays,  or  on  the  New  Red  Sandstone  beds  of  tiie 
low-lying  lands  to  the  east.  The  pebbles  are  often  so  mixed  up  and 
interstratified  with  the  uppermost  loose  samis  of  the  New  Bed  Sand- 
slone  beds,  that  one  might  readily  take  them  for  the  nnconsolidated 
pebble-beds  of  the  Banter  Sandstone  itself.  Fig.  13,  which  is  a 
section  of  the  gravel-pit  at  Kingsland,  Sbrewabniy,  is  an  example 
of  this.     The  red  aatids  have  been  blown  or  washed  from  exposed 

FIG.  18.— SHEEW8BUET. 
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portions  of  the  underlying  strata,  and  mixed  up  in  boUows  and 
basins  with  the  redistributed  gravels.  Thpse  gravels  and  sands 
are  often  called,  and  with  much  propriety,  <*  Low  Level  Drifts.'* 
Thus  the  gravel-pit  at  Kingsland  is  between  three  hundred  and 
four  hundred  feet  below  that  of  Old  Oswestry  (Fig.  9).  It  is  in 
these  redeposited  Drifts  that  the  thin  beds  made  up  of  fragments  of 
recent  sea-shells  occur,  which  have  been  found  at  Shrewsbury 
(Fig.  13),  Wellington,  Macclesfield,  Blackpool,  and  the  flat  country 
lying  between  the  estuaries  of  the  rivers  Mersey  and  Dee.  As 
these  various  deposits  are  described  in  the  works  enumerated  at 
the  end  of  this  paper,  I  need  hardly  describe  them  in  detail  here. 
I  may  say,  however,  that  the  shells  are  mostly  found  in  com- 
minuted fragments,  and  are  thus  much  unlike  those  of  the  eastern 
counties.  It  has  been  only,  therefore,  by  dint  of  much  labour  that 
anything  like  complete  lists  have  been  made  out.  I  select  the 
following  as  a  typical  list,  and  also  because  it  is  one  of  shells 
found  in  the  northern  end  of  the  district  under  notice  by  a 
gentleman  resident  in  the  neighbourhood  : — 

LIST    OP    MOLLUSCA    POUND    IN   CLAYS    AT   NEWTON,    NEAB 

CHESTEB,  BY  MB.  SHONE,  P.G.S.,  ENUMERATED  BT 

MB.    GWYN   JEFPBEYS,   P.B.S.* 

12.  Lacuna  divaricata. 


1.  MytiluB  edaliB. 

2.  Cardiam  ecbinatum. 
8.  Cardinm  edale. 

4.  Cyprina  Islandica. 
6.  Ajstarte  sulcata. 

6.  tt      borealia. 

7.  TeUina  Balthica. 

8.  „      calcaria. 

9.  Mactra  solida. 

10.  Mja  tnmcata. 

11.  Saxicava  mgosa. 


13.  Littorina  iiidis. 

14.  Turritella  torebra. 

15.  Aporriiais  pes-peleoani. 

16.  Purpura  lapillns. 

17.  Bucoinnm  undatoia. 

18.  Mnrex  erinaceus. 

19.  Trophon  trnnoatiiB. 

20.  FusuB  antiqua. 
2L  Nassa  reticulata. 

22.  Pleurotomaria  pjramidalis. 


Mr.  JefiFreys  adds,  "  All  the  above,  except  Astarte  borealia  and 
Pleurotoviaria  pyramidalis,  now  inhabit  the  British  coasts,  and  are 
littoral  and  sublittoral.  A.  borealia  and  P.  pyramiduliB  are  also 
more  northern  species." 

A  more  extended  list  of  the  shells  found  in  these  deposits 
throughout  the  north-western  counties  is  given  by  Mr.  Mellard 
Reade,  F.G.S.f     There  is  also  a  full  account  given  by  Mr.  Maw, 

*  Quart.  Joum.  Qteol,  Soo.,  Vol.  xxx,  p.  184. 
t  Quart.  Joum.  Geol.  Soc.,  Vol.  zxx,  p.  27. 
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F.G.S.,*  of  similar  deposits  as  they  occur  in  the  rallej  of  the 
Severn  below  Shrewsbury. 

As  might  be  expected,  the  grouping  of  these  redistributed 
gravels,  sands,  and  clays  would  often  very  much  resemble  that  of  the 
older  deposits,  and  a  forgetfulness  of  this  fact  leads  sometimes,  I 
fear,  to  the  error  of  speaking  of  the  clays  in  them  as  Upper  and 
Lower  Boulder  Clays,  and  so  much  confusion  and  difficulty  on  the 
proper  classification  of  the  beds  is  caused. 

Of  more  recent  date  than  the  age  of  the  deposition  of  the  redis- 
tributed Drift  is  that  of  the  Brick-clays  (c),  which  are  extensively 
worked  around  Oswestry,  and  also  at  intervals  northwards  towards 
the  sea.  I'hey  also  nestle  in  hollows  in  the  older  gravels  and 
clays,  as  shown  in  Fig.  1,  which  may  be  taken  as  a  representative 
section  of  their  mode  of  deposition.  From  their  comparative  free- 
dom from  stones  or  coarse  material,  we  infer  that  they  were  gently 
washed  by  rains,  or  by  gentle  lappings  and  overflows  of  water 
out  of  the  older  clays  into  the  hollows  where  they  now  lie.  I  have 
never  found  any  fossils  in  them,  though,  perhaps,  more  careful 
searching  might  be  rewarded  with  success.  Of  a  still  later  date, 
and  indicative  of  a  time  when  the  land  was  elevated  high  enough 
for  fresh  water  to  take  the  place  of  salt  water  in  the  depressions  of 
the  Boulder  Clay,  are  the  Freshwater  shell-beds  (b).  Fig.  12  is  a 
section  illustrative  of  the  mode  in  which  these  occur.  It  is  a 
section  which  was  cut  a  few  years  since  in  the  excavation  of 
a  reservoir  in  the  "  Downderry  Fields ''  close  to  the  town  of 
Oswestry.  The  shells  were  all  of  recent  freshwater  species.  In 
his  **  Silurian  System,"  Sir  Roderick  Murchison  mentions  a  similar 
deposit  which  was  found  under  a  bed  of  peat,  four  feet  thick,  close 
to  the  town  of  Montgomery,  twenty  miles  south  of  Oswestry, 

This  leads  us  up  to  the  Peat-deposits  (a),  which,  I  need  hardly 
say,  represent  the  filling  up  of  these  ancient  freshwater  lakes  by 
vegetable  matter.  The  peat  in  Fig.  12  contained  hazel  nuts  and 
insect  remains.  A  similar  deposit  in  the  valley  of  the  Morda,  just 
below  the  Oswestry  Workhouse,  also  yielded  hazel  nutes  in  abun- 
dance. A  considerable  quantity  of  bones  of  a  very  large  size  were 
also  discovered  in  an  excavation  which  was  made  there  some  years 
since,  but  they  were  unfortunately  sold  before  any  examination  of 
them  could  be  made.      It  will  be  observed  that  this  peat  in  Sec- 

•  Quart.  Jonm.  Geol.  Soc.,  Vol.  zx,  p.  180. 
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aflM>ng  the  Bervrn  Mcwntains.  I  hare  fcwmd  branches  of  onk,  inter- 
estiDj^  from  the  fact  that  no  oaks  now  grow  at  the  aame  altitade 
in  the  neighboarhood«  nor.  indeed,  anj  other  tree  T^etation. 
PoflsiblT,  therefore,  there  hare  been  eras  of  milder  ^Hmat^  than 
eren  the  present  daring  the  lapse  of  the  time  that  lias  interroied 
between  the  dose  of  the  Glacial  Period  and  now. 

There  are  beds  of  recent  ^tnfa  in  the  district,  and  also  care 
deposits,  but  these  deserre  separate  notices. 


I  append  a  list  of  books  and  papers  baring  reference  to  the 
sabject  of  this  paper  : — 

Sir  Boderick  Impej  Mmchiaoii^  F.G.S^  in  "  Snnrian  Sjitcm,*  1889. 

D.  C.  DsTies,  "  Qiuurter  of  an  Hour  in  Old  Oswestry  GrsTel  Pit "  ("Pkt>. 
eeedings  of  the  Oswestry  and  Welshpool  Field  Club,"  1864). 

G.  Haw,  "  On  the  Drift  of  the  Seyem  Talley  "  (Quart  Jonzn.  GeoL  Soc., 
VoL  XX,  p  180). 

Mr.  Sainter,  "On  the  Drift  Beds  of  Macclesfield"  (<* Geological  Maga. 
line."  VoL  ii,  p.  866). 

G.  Maw,  ''Deposits  of  Tufa  in  Flintshire"  ("Geological  Magazine,** 
Vol.  iii,  p.  258). 

G.  Maw,  "White  Sands  and  Clays  subjacent  to  the  Bonlder  Drift" 
("  Geological  Magazine,"  Vol.  iv,  p.  241). 

E.  Uull, "  On  the  ParalleliBm  of  the  Drift  Deposits  in  Lancashire  and  the 
Eastern  Counties  "  ("  Geological  Magazine,"  Vol.  ir,  p.  188). 

E.  Hull, "  On  Faults  in  the  Drift "  (ibid,  Vol.  iv,  p.  184). 
MisH  Kyton,  "  On  an  Old  Lake  Basin  in  Shropshire"  (ibid,  VoL  iv,  p.  1). 
MiHS  Kyton,  "  On  Glacio-Marine  Denudation  "  (ibid,  Vol.  iv,  p.  646). 
Miss  Kyton,  "  On  The  Drift  Beds  of  Llandudno  "  (ibid.  Vol.  iv,  p.  546). 
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Mr.  MaokintoBh,  **  On  a  Sea-ooast  Section  of  Bonlder  Clay  in  Cheshire" 
(Quart.  Jonrn.  Geol.  Soo.,  Vol.  xxviii,  p.  388. 

Mr.  Shone,  **  On  the  Disooyery  of  the  Foraminifera  in  the  Boulder  ClajB 
of  Cheshire,  with  List  of  Mollusca  by  Mr.  Qwyn  JefEreys"  (ibid,  VoL 
rxx,  p.  181). 

Mr.  Mellard  Beade,  "  On  the  Drift  Beds  of  the  North  West  of  England" 
(ibid,  Vol.  XXX,  p.  27). 

Mr.  Darbyshire,  ''  On  a  Deposit  of  Middle  Pleistocene  Grayel,  near  Lay- 
land,  Lancashire"  (ibid,  VoL  xxx,  p.  38). 

Mr.  Macintosh,  **  On  Boulders  near  Llanarmon"  (ibid,  VoL  xxx,  p.  711). 

Mr.  De  Banoe,  "  On  the  Drifts  and  Birer  Valleys  of  the  North  and  South 
of  England"  (Froc.  Geol.  Assoc.,  Vol.  iv,  p.  221). 


2.     On   the   First   Irish   Cave   Exploration. 
fiy  G.  S.  BouLQER,  Esq. 
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§  1.  Introduction. 

This  paper  is  not  mineralogical  in  character,  hat  aims  at  a 
general  treatment  of  the  suhject,  in  its  geological  aspect,  offering 
a  comprehensive  view  of  well-known  facts,  rather  than  any 
novelties.  The  relation  of  minerals  to  their  places  of  occurrence, 
their  modes  of  formation,  and  their  relative  age  as  parts  of  the 
earth's  stracture,  are  points  of  considerable  interest,  not  always 
treated  of  by  mineralogists,  but  well  worth  the  study  of  geologists. 
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It  is  not  enough  to  know  the  composition  and  mineral  characters 
of  many  similar  and  dissimilar  snhstances ;  the  history  of  their 
development  and  of  their  associations  should  be  carefully  worked 
out.  In  a  collection  of  articles  of  vertu — whether  metal,  china,  or 
glass — not  only  the  nature  of  their  substance  and  their  style  of 
art,  but  their  individual  and  family  history,  their  places  of  manu- 
facture, their  successive  owners,  and  other  matters  are  sought 
after  by  the  connoisseur.  In  books  of  mineralogy  there  are  often 
blanks  in  the  history  of  even  common  minerals — such  as  quartz, 
chalcedony,  and  jasper — as  to  whether  the  specimens  described  or 
mentioned  came  from  vein,  or  nodule,  or  massive  rock. 

In  Dr.  Gustav  Biscbofs  ''  Elements  of  Chemical  and  Physical 
Geology,"  translated  by  B.  H.  Paul,  Cavendish  Edition,  8vo.,  1855, 
Vol.  ii.,  pages  454  et  seq.^  the  chapter  on  8ilica  abounds  with 
valuable  facts  and  inferences,  original  and  selected,  concerning  the 
origin  and  collocation  of  rocks  and  minerals ;  and  these  have 
greatly  influenced  geological  thought  of  late  years.  The  following 
remarks,  however,  were  not  written  in  view  of  Bischofs  extensive 
repertory  of  geologico-mineralogical  facts ;  and  may  therefore  be 
regarded,  to  some  extent,  as  supplementary  in  respect  of  the 
common  geological  phenomena  of  Silica,  without  being  chemical 
or  purely  mineralogical. 

§  2.  Quartz. — After  noting  the  great  abundance  of  Silica  in 
the  mineral  world,  both  free  and  in  combination,  the  author  de- 
scribed a  few  of  the  salient  mineralogical  features  of  its  crystallized 
form — Quartz  ;  and,  mentioning  some  of  the  largest  known  crystals, 
he  proceeded  to  describe  its  mode  of  occurrence,  and  drew  especial 
attention  to  its  presence  as  a  constituent  in  granite ;  also  in  geodea 
and  veins  in  that  and  other  rocks,  mostly  old  and  metamorphic. 
In  the  latter,  we  often  have  compact  veinstones  of  quartz,  showing 
general  crystalline  structure  on  each  side,  but  along  the  median 
line,  and  in  cavities,  passing  into  hexagonal  prisms,  with  terminal 
pyramids,  more  or  less  distinct,  and  varying  in  translucence. 
Pyrites,  gold,  silver,  and  other  minerals  are  often  mingled  with 
the  quartz ;  and  rutile,  asbestos,  hornblende,  epidote,  mica,  chlorite, 
iron-oxide,  bitumen,  morsels  of  anthracite,  crystals  of  calcite,  and 
other  substances,*  occasionally  occur  in  the  crystals,  either  as  fine 

*  BiBchof  g^ves  a  fall  list  op.  cit,  p.  477.  Cassiterite,  pyrites,  chaloopyrite, 
chlorite,  and  haBinatite  are  the  minerals  found  enclosed  in  Cornish  quartz, 
and  schorl  and  chlorite  in  the  Cornish  amethyst,  according  to  Mr.  F.  H. 
Collins'  ''  Mineralogy  of  Cornwall  and  Devon,"  1871,  p.  87. 
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fibres,  flakes,  or  spots  :  hence  the  '*  Cheyenx  de  Yenns,  de  Thetis, 
et  de  Mars,"  &c.,  some  '<  cat's  eyes,"  avantarines,*  &c.  Minute 
cavities,  partially  occupied  with  water,  with  or  without  salts  of  iron, 
calcium,  sodium,  <&c.,  are  often  present ;  sometimes  as  films  and 
clouds,  called  "  feather  "  by  the  jewellers,  8orby  and  others  have 
investigated  these  ^'  fluid  cavities.**f 

The  countries  where  the  best  specimens  of  Rock>crystal  are 
found  are  enumerated  in  the  many  books  on  Mineralogy.}  The 
'^  druses "  .in  the  micaceous  and  other  metamorphic  rocks  of  the 
Alps  II  are  among  the  best  known  sources  ;  but  similar  schists, 
clay-slates,  gneiss,  and  granites  of  all  mountainous  countries 
yield  them.  The  Carrara  marble  has  cavities  lined  with  rock- 
crystal;  also  the  Palseozpic  limestone  of  Gape  Diamond,  near 
Quebec,  and  at  Fairfield,  St.  Lawrence  county,  New  York 
State,  and  the  altered  Chalk  of  Donald's  Hill,  Antrim,  &c. 
In  the  Kentish  Rag  (Neocomian  sandy  limestone)  some  fissures 
are  lined  with  quartz  on  calcite,  as  in  the  very  much  older 
rocks  at  Snailsbeach  mine.  The  Dolomitic  conglomerate  of  the 
New  Red  series  in  Somerset  and  Gloucestershire  contains  numerous 
drusy  cavities,  and  hollow  nodules  or  geodes  of  quartz,  chalce- 
dony, and  jasper,  together  with  calcite  and  other  minerals.§ 
In  some  nests  and  veins  of  quartz  the  crystals  are  free  in  the 
matrix,  and  frequently  perfect  with  terminal  pyramids ;  when  such 
depositories  have  been  opened  out^  their  scattered  contents  supply 
the  numerous  crystals  known  as  Irish,  Cornish,  Bristol,  Dungarveo, 
Quebec,  Alen9on,  Paphian  (Cyprus),  and  other  **  diamonds." 
Occasionally  masses  of  minute  crystals,  with  or  without  a  matrix, 

*  Avantnrine  quartz,  having  particles  of  mica  disBeminated  throagbont, 
may  possibly  have  been  a  micaoeoas  sandstone,  subsequently  altered  by 
bjdrothermal  agency  into  the  more  homogenous  and  crystalline  avanturine ; 
or  it  may  have  been  some  form  of  mica-schist,  of  metamoiphio  origin,  but 
further  altered  into  a  more  crystalline  rook ,  or,  lastly,  the  mica  may  have 
been  developed  by  chemical  changes  whilst  an  impure  siliceous  sandstone  or 
schist  was  becoming  highly  crystalline. 

t  Even  psendomorphic  quarts  crystals  (octahedrons  and  cubes)  are  found 
to  contain  these  liquid-cavities:  Collins'  "Mineralogy  of  Cornwall  and 
Devon,"  p.  87. 

X  For  British  quartz,  see'  Greg  'and  Letsom's  **  Manual  of  Mineralogy 
of  Great  Britain  and  Ireland,*'  1858,  p.  82,  &o. ;  and  J.  H.  Collins'  "  Miner- 
alogy of  Cornwall  and  Devon,"  1871,  p.  86,  &c. 

II  Many  years  ago  a  great  drusy  cavity  was  broken  into,  on  the  Alps  at 
Zinken,  Savoy,  which  is  said  to  have  yielded  1000  owt.  of  rock-crystals ; 
one  crystal  weighed  8001bs.  (Shepard).  The  crystal-hunters  hang  over  the 
cliffs  by  ropes,  and  strike  the  rocks  for  the  hollow  sound  of  the  druBes 
('*  ovens  ")  containing  the  sought-for  crystals. 

§  **  Memoirs  of  the  Geological  Survey  Great  Britain,"  Vol.  i.,  p.  246. 
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occur  aggregated,  like  grains  of  sandstone.  The  crystals  are 
sometimes  found  at  considerable  distances  from  their  place  of 
origin ;  for  instance,  the  ''  fiagshot  Diamonds/'  or  sabangolar 
pieces  of  qnartz-crystal,  in  the  Post-Tertiary  Gravel  of  Berks  and 
Surrey,  have  been  drifted  far,  by  many  stages,  whether  from  the 
Breton,  Cornish,  or  Welsh  area  of  old  rocks.  The  discrimination 
of  quartz  from  flint  and  other  siliceous  materials  in  sandstone — ^not 
only  by  external  aspect  under  a  lens,  but  by  the  polariscope— is 
yery  useful  in  geological  research.  When  siliceous  sand  has  not 
only  been  cemented  together  as  sandstone,  but  further  agglutinated 
and  compressed,  after  partial  softening  of  the  grains,  into  quartzite, 
we  are  led  back  to  pure  quartz  again,  as  a  variety  of  quartz-rock 
distinct  in  origin  from  vein-quartz. 

The  crystal  globes  of  China  and  Japan,  and  the  Brazilian 
<^  pebbles,'*  cut  for  lenses,  mostly  come  from  large  waterwom 
crystals  brought  down  by  mountain  torrents. 

The  beautiful  purple  quartz,  or  Amethyst  (differing  somewhat 
from  Rock-crystal  in  its  "  rippled  "  fracture,  and  its  optical  pro- 
perties) is  not  unfrequent  in  drusy  cavities  of  old  rocks  (as  in 
Brittany),  in  agates,  and  even  in  the  ^*  potato-stones'*  of  Somerset. 
A  faintly  purple  quartz  lines  some  fissures  in  the  Kentish  Rag  at 
Fairbourne,  near  Maidstone. 

Smoky  Quartz,*  varying  from  yellow  (caimgorum)  to  black 
(morion),  is  found  in  the  crystalline,  metamorphic,  and  more  or 
less  granitoid  rocks  of  mountain  districts,  just  like  the  pellucid, 
the  milky,  and  other  varieties.  Iron,  manganese,  titanium,  and 
other  metals,  besides  carbon,  are  supposed  to  be  concerned  in 
giving  different  colours  to  quartz.  Prase  is  said  to  be  quartz 
with  green  hornblende  disseminated  in  it ;  rose  quartz  is  pro- 
bably reddened  by  manganese ;  deep-blue  quartz  is  called  siderite. 
Some  quartz,  when  burnt  and  dipped  in  a  solution  of  cochineal, 
becomes  beautifully  reddened  and  crackled.f 

All  these  forms  of  quartz  have  been  deposited  by  aqueous  (pro- 
bably  bydrothermal)  agency. 

§  3.  Chalcedony. — Chalcedony,  which  is  crystalline  silica,  with 

*  Some  smoky  quartz  is  made  yellow  and  of  a  rich  orange  tint  by 
bnming. 

f  With  indigo,  the  heated  quartz  becomes  blnish.  See  Dr.  Billings*  '*  ^le 
Science  of  Gems,  Jewels/'  &o.  Svo.  London,  1867,  p.  57.  Thus  also 
heated  fluor-spar  is  dipped  in  a  hot  solution  of  "  dragon's  blood  "  to  improve 
the  purple  tints. 
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varying  proportions  of  alumina,  iron-oxide,  water,  &g,,  may  be  said 
to  bear,  to  some  extent,  a  similar  relation  to  quartz  that  barley- 
sugar  does  to  sugar-candy.  No  definite  crystallised  structure  can 
be  observed ;  but  a  fibrous  appearance  may  generally  be  noted,  at 
right  angles  to  the  planes  of  deposit,  which  latter  are  usually 
lumpy  or  mamillary,  and  often  render  the  mass  flaky.  In  some 
specimens  this  fibrous  structure  becomes  stronger  in  successive 
layers ;  close-set,  minute,  crystalline  prisms  being  visible  in  the 
fracture  of  some  layers,  and  these  are  succeeded  by  regular  quartz- 
crystals  in  others.  On  account  of  the  unequal  resistance  of 
some  chalcedonies  composing  agates  to  the  action  of  hydrofluoric 
acid,  by  which  certain  layers  are  eaten  away,  cut  agates  have  beeu' 
prepared  in  slabs  which  take  printers'  ink  and  give  impressions  of 
their  concentric  structure,  and  of  the  channels  of  infiltration  (see 
•*  Transactions  of  the  Royal  Academy  of  Sciences  of  Viemia," 
Vol.  v.,  p.  107,  pi.  2-4).  Speaking  of  the  formation  of  the 
angles  in  *' fortification-agates,"  the  author  was  inclined  to  ac- 
cept the  hypothesis  of  the  chalcedonic  silica  having  replaced 
calcite  or  a  zeolite.  A  portion  of  an  agate,  comprising  flat 
transverse  layers  of  chalcedony,  with  quartz  above,  enclosing 
calcite,  was  exhibited  in  illustration.  The  brecciated  state  of 
some  agates,  from  pressure,  from  contraction,  or  other  causes, 
was  noticed,  as  giving  rise  to  some  of  the  '^  Ruin-agates." 
The  so-called  "  Eye-agates  "  have  their  name  from  the  exposure 
of  the  concentric  mammillsB,  or  sections  of  invested  stalactites,  in 
the  nodule.  The  porous  nature  of  some  layers  in  the  agates,  and 
the  facilities  thus  afforded  for  the  absorption  of  colouring  matter, 
artificially  introduced,  were  alluded  to  as  connected  with  the  minute 
prismatic  structure  of  some  of  their  constituent  chalcedonic  layers. 
(See  Hamilton,  Quart.  Joum.  Qeol.  Soc,  Vol.  iv.,  p.  215 ; 
and  Billings,  op.  cit.,  p.  49,  &c.)  The  weathered  and  waterwom 
surfaces  of  broken  agates  often  show  the  fibrous  structure  of  some 
of  these  layers,  and  the  greater  relative  destruction  of  some  layers 
than  others  by  water-action. 

Agates  (named,  it  is  said,  from  the  River  Achates,  in  Sicily)  are 
either  solid  nodules  of  chalcedony,  usually  in  more  or  less  concentric 
layers,  or  hollow  nodules  (geodes)  of  the  same,  with  crystallised 
quartz  coating  the  inner  surface  (druses),  or  filling  the  middle. 
The  central  quartz  is  often  amethystine.  Sometimes  the  alter- 
nation of  chalcedony  with  quartz  in  the  agates  is  repeated  very 

0  0 


444       T.  RUrERT  J0NK8  ON  QUARTZ  AND  OTHER  PORM8  OF  SILICA. 

distinctly.  The  origin  of  some  of  the  wavy  outlines  in  sections 
of  the  chalcedony  is  well  seen  when  it  lies  on  the  points  of  a 
quartz-crystal  layer.  In  some  cases  it  may  have  coated  calcitic 
and  other  crystals,  since  replaced ;  in  other  cases  it  seems  to  be 
due  to  irregularities  on  the  inner  surface  of  the  cayity ;  and  possibly 
sometimes  even  to  the  lumpy  formation  of  colloidal  silica.  The 
outer  surface  of  agates  is  usually  coated  (in  the  rock)  with 
**  green  earth." 

Mostly  abundant,  as  amygdaloid  kernels,  in  the  amygdaloidal 
igneous  rocks, — namely,  vesicular  lavas  of  all  ages, — agates  also 
occur  in  cavities  of  other  rocks,  though  much  less  frequently, 
and  more  jaspery  or  opaque  (for  instance,  the  agates  in  the 
New  Red  marl  and  conglomerate  of  Somersetshire).  Chalcedonic 
infiUings  of  fissures,  and  irregular  cavities  in  igneous  and  other 
rocks,  in  fossil  wood  and  coral,  and  in  some  nodules,  are  modified 
agate-formations ;  and  pass  through  honey-opal,  as  at  Konigs- 
winter,  and  in  the  Galgenberg,  near  Obcrstein  (W.  J.  Hamilton), 
to  semi-opal  and  other  varieties  of  opal.  In  all  cases  it  seems  to 
have  been  deposited  from  water  holding  silica  in  solution,  derived 
immediately  from  the  rocky  matrix,  whether  traversed  by  the  water, 
or  occupied  by  it  in  mass.  How  far  gelatinous  amorphous  silica 
has  played  a  part  in  the  formation  of  agates,  and  other  chalcedonic 
deposits,  is  yet  to  be  worked  out. 

The  different  layers  of  chalcedony  in  agates  vary  in  colour,  from 
white  and  grey  to  various  reds  and  browns,  and  from  semi- 
pellucid  to  opaque.  Some  of  these  are  susceptible  of  alteration  in 
appearance  by  artificial  means — such  as  application  of  heat,  and 
the  introduction  of  different  substances  (See  Mr.  W.  J.  Hamilton's 
Memoir  on  the  Oberstein  Agate-quarries:  Quart.  Joum.  Oeol. 
Soc,  Vol.  iv.,  p.  214 ;  and  particularly  Dr.  Billings'  **  The 
Science  of  Gems,"  &c.,,  pages  56-66).  Most  commonly  the 
ancients  soaked  broken  or  polished  agates  in  hot  honey  for  a 
long  period,  and  then  burnt  them ;  and  the  modems  have 
treated  them  similarly,  or  with  boiling  oil,  followed  by  vitriol ; 
and  the  carbonised  matter,  thus  introduced,  darkens  some  layers, 
and  intensifies  the  tints  of  some  others.*  Onyx\  is  such  portion  of 

*  Tints  of  blue,  g^nsen,  and  yellow  are  among  the  colonrs  prodaoed  in 
agatea  by  Dr.  Billings,  chiefly  by  salts  of  iron,  as  described  in  bis  "  Science 
of  Gems."  The  dark  carbon  colours  can  also  be  withdrawn,  he  explains, 
and  even  replaced  to  some  extent ;  so  that  an  infinite  vaiiety  of  tinta  are 
possible. 

t  lliis  and  its  fellow  words  have  not  been  nniformly  applied  by  litholo- 
gistSi  jewellers,  and  general  ^Titers.    See  Dr.  Billings,  op.  cit.,  p.  66. 
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an  agate  as  is  coloured  like  the  human  nail  oyer  a  white  layer ;  but 
the  layers  may  vary  in  tint  and  numbers.  Sard*  is  of  a  fine,  rich, 
subtranslucent  red,  but  varies  ;  it  is  a  bettermost  Camelian,  Sar- 
donyx  has  coloured  layers,  of  which  one  must  be  Sard,  Camelian\ 
is  red  chalcedony,  either  from  broken  agates,  long  exposed  on  sea- 
shore or  riyer-bank,  or  coloured  artificially  with  iron-oxide.  J 

At  present  the  principal  supply  of  agates,  obtainable  formerly 
in  large  quantities  at  and  near  Oberstein,!  on  the  Nahe,  between 
Bingen  and  Saarbriick,  and  even  in  Scotland  (the  ^'  Scotch  pebbles  " 
of  the  Hill  of  Kinnoul,  Perth),  is  derived  from  the  river-banks  and 
sea- beaches  of  India,  Ceylon,  Brazil,  South  Africa,  &c.  Tlie 
lava-rocks,  where,  in  the  first  instance,  the  agates  were  formed 
as  amygdaloid  geodes,  in  the  old  steam-cavities,  disintegrate,  leaving 
only  these  hard  siliceous  nodules  to  survive  the  grinding  action  of 
moving  water.  The  pebbles  so  formed  are  carried  down  by  rivers, 
and  accumulate  in  their  valleys  and  on  the  shores  of  neighbouring 
seas.  The  abundance  of  agate  andjasperin  the  beach  of  Carnelian 
Bay,  near  Scarborough,  derived  from  the  Boulder  Clay  of  the  cliff, 
is  very  noticeable.  The  diamantiferous  agate-gravel  of  the  Yaal 
and  Orange  Rivers,  in  South  Africa,  has  been  often  before  the 
reading  public  of  late  years  (Quart.  Joum.  Geol.  Soo.,  Vol. 
xxvii.,  p.  16,  &c,). 

The  series  of  elaborate  papers  by  Mr.  Ruskin  "  On  Banded  and 
Brecciated  Concretions  and  Formations"  (in  the  *'  Geological  Maga- 
zine," Vol.  iv.,  p.  337,  481 ;  Vol.  v.,  p.  12,  156,  208 ;  Vol.  vi., 
p.  529  ;  and  Vol.  vii.,  p.  10)  will  prove  a  most  valuable  source  of 
facts  and  suggestions  to  the  student  of  agates.  The  papers  are 
illustrated  by  some  exquisite  plates  and  many  clear  diagrams. 

Some  very  careful  and  highly  suggestive  remarks  on  Silica  and 

^  Said  to  be  so-called  from  "  Sardis/'  where  the  treasury  of  Mitbridates 
was  reported  to  have  contained  thousands  of  vases  and  ornaments  made 
from  such  agate  stones. 

f  Carniolaf  Italian,  from  came,  flesh  (Billings). 

X  Dr.  Billings,  op,  cit,,  pp.  67  and  67. 

II  See  Hamilton,  op.  c%t.,  and  Billings,  op,  cit,  p.  54.  The  mannfaotories 
are  continued  even  where  the  native  supplies  are  lessened;  just  as  the 
Scarborough  jet  works  are  now  supplied  from  Spain,  &o.  Agates  are  found 
sparingly  at  some  places  on  the  British  shores,  derived  from  the  Boulder 
Clay  and  Drifts,  currents  and  ice,  in  one  form  or  another  having  brought 
them  from  districts  composed  partly  of  amygdaloidal  rooks.  In  Damon's 
"  Guide  to  Weymouth,"  Ac.,  and  in  Bristow's  "  Glossary  of  Mineralogy" 
(article  "Agate"),  allusion  is  made  to  the  surreptitious  introduction  of 
foreign  agates,  both  on  English  beaches  frequented  by  sea-side  visitors  and 
at  places  abroad,  where  tourists  expect  to  meet  with  such  curiositieB. 
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the  part  it  plays  in  petrifaction  have  been  made  by  Professor  A.  H. 
Church,^  in  the  "  Journal  of  the  Chemical  Society,"  Vol.  xv., 
1862,  p.  107,  &c. ;  and  "  Journal  of  the  Chemical  Society,"  New 
Series,  Vol.  i.,  1863,  p.  80,  &c.  His  remarks  on  the  artificial  silicifi- 
cation  of  coral,  the  nature  of  orbicular  silex  and  beekite;  also  the 
action  of  water  in  the  re-arrangement  of  materials  in  cementation, 
and  in  the  formation  of  nodules,  &c.,  have  induced  many  to  study 
these  questions.  The  memoir  by  the  late  Prof.  T.  Graham,  F.R.S., 
'*  On  the  Properties  of  Silicic  Acid  and  other  analogous  Colloid 
Substances "  ("  Proceedings  of  the  Royal  Society,"  1864 ;  and 
"Philosophical  Magazine,"  Series  4,  Vol.  xxviii.,  p.  314,  &c.)  has 
extended  the  field  of  research  on  the  nature  of  chalcedonic  rocks 
and  minerals,  previously  opened  by  observations  on  the  gelatinous 
form  of  silica.  For  English  readers  we  may  also  allude  to  De  la 
Beche's  remarks  on  Silica,  Quart.  Journ.  Geol.  Soc,  Vol.  v.,  p. 
Ixxix.,  &c.  ;  Dr.  Percy,  "  Swiney  Lectures  ;"♦  and  Mr,  J.  Suther- 
land's notes  in  the  "  Geological  Magazine,"  Vol.  ii.,  p.  220. 

Mammillated  and  stalactitic  chalcedony,  as  well  as  drusy  quartz, 
may  be  seen  in  cavities  of  flint;  being  the  result  of  the  re- 
arrangement of  siliceous  matter  by  water.  There  is  likewise  a 
considerable  amount  of  chalcedonic  silex  in  some  sandstones,  con- 
stituting their  cement,  .and  thus  giving  rise  to  one  of  the  varieties 
of  "  Chert."  This  is  often  present  in  such  formations  as  the  Upper 
and  Lower  Greensands  and  other  sandstones,  whether  purely  sand- 
formed,  or  largely  composed  of  fibres  and  spicules  of  Sponge.f  It  also 
fills  fissures,  and  is  sometimes  stalactitic  in  such  sandstones.  It  is 
a  mineralizing  agent  also  in  some  fossil  woods,  corals,  &c.  Green 
chalcedonies  occur,  such  as  chrysoprase  and  plasma  ;  the  former  is 
said  to  contain  some  nickel.  The  greenish  Indian  ^*  Mocha-stone/' 
or  "moss-agate,"  consisting  of  clear  chalpedony  enclosing  a 
fibrous  and  branching  green  silicate  of  alumina,  magnesia,  and  iron 
(delessite),  is  found — some  of  it,  at  least,  together  with  jasper, 
bloodstone,    &c.,   among   the  altered  freshwater   Tertiary  shelly 

•  '*  Chemical  News"  (1866),  Vol.  xiii.,  p.  137, 146,  Ac.,  and  Vol.  xiv.,  p. 
294,  &o.  With  reference  to  some  forms  of  silicification.  Dr.  Percy  remarks 
(loc.  cit.f  p.  295) — '*  Metamorphism  may  take  place  by  the  deposition  of 
matter  from  solution.  8ilicification  may  be  taken  as  an  example  of  this  kind 
of  metamorphism.  At  Kolmar,  in  ^sace,  Moschclkalk  in  contact  with 
granite  is  changed  into  homstone  from  the  action  of  springs  containing 
silica.      .     .     .     The  same  thing  is  observed  in  Kentucky  on  a  large  scale." 

t  See  Dr.  Bowerbank's  Memoirs,  Trans.  Geol.  Soc.,  Series  2,  Vol.  vi., 
p.  190,  pi.  19 ;  and  Quart.  Jonm.  Geol.  Soc.,  Vol.  v.,  p.  322,  &c. 
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muds,  invaded  by  igneous  rocks,  near  Nagpur  (Quart.  Joum. 
Geol.  Soc,  Vol.  xi.,  p.  859,  and  Vol.  xvi.,  p.  157).  Whole  masses 
of  lake  shells  and  Cypridea  and  their  matrix,  in  that  region, 
are  replaced  with  chalcedony,  particularly  at  Nagpur  and  Ghickni, 
and  at  Munoor  and  Nutnoor,  in  the  Sichel  Hills.  These  are  pro- 
bably analogous  to  the  Cypridiferous  chert  of  Purbeck,  mentioned 
by  Mr.  M.  Hawkins  Johnson,  Proc.  Geol.  Assoc,  Vol.  ii.,  pages 
253  and  268. 

A  living  Confervoid  Alga  was  actually  found  to  be  enclosed  in 
colloid  silica,  by  Messrs.  Chandler  Roberts  and  Slack,  thus 
exemplifying  what  may  have  occurred  in  the  formation  of  some  of 
the  Indian  chalcedonies  containing  Confervoid  substances,  indis* 
tingnishable  from  vegetable  organisms.  Besides  delessite,  many 
dendritic  and  concretionary  oxides  occur  in  chalcedonies  (Mocha- 
stone,  &c.),  and  imitate  organic  forms.  Some  of  these  mineral 
segregations  may  have  been  formed  contemporaneously  with  the 
silica  in  a  gelatinous  state  ;  or  they  may  have  been  enveloped  by 
investing  silica;  or,  lastly,  introduced  through  fissures  subse- 
quently. 

§  4.  Flint  and  Hornstone. — The  properties  of  Flint  are  some- 
what different  from  those  of  chalcedony ;  it  is  less  translucent,  more 
conchoidal  in  fracture,  and  never  fibrous  in  stnicture.*  Aggrega- 
tions of  silica  are  present  in  every  limestone,  either  in  the  form  of 
common  fiint,  or  as  hornstone,  or  some  variety  of  chert ;  and  are 
regarded  by  the  author  as  being  due  to  the  replacement  of 
carbonate  of  lime  by  silica.  As  this  mineral  rarely  succeeds 
calcite  (crystallized  calcic  carbonate)  as  a  true  pseudomorph,  it  is 
only  the  amorphous,  or  detrital,  carbonate  of  lime  of  the  organisms 
constituting  the  limestone  that  has  been  replaced  by  silica 
(as  flint,  &c.),  and  not  the  crystallized  material  of  Echino- 
dermatal  f   spines,   plates,   stems,  or    ossicles,  nor    the    guards 


*  A  want  of  extensive  iHnstrations  of  the  miorosoopio  appearance  of 
flint  is  much  felt.  A  good  artist,  well  up  in  natural  history,  geology,  and 
mineralogy,  would  find  a  fine  field  of  work. 

f  *'  It  frequently  occurs  in  the  echinites  which  are  filled  with  flint,  that 
portions  of  the  shell  have  been  replaced  or  infiltrated  with  silex.  In  all 
these  cases  that  I  have  seen,  the  silex  presents  a  stalaotitical  or  ohaloedonio 
form,  and  never  exhibits  the  spongeous  texture "  (Bowerbank,  op.  cit ,  p. 
187).  These  silicified  portions  of  echinital  tests  are  usually  such  parts  as 
remain  unenclosed  by  a  flint -nodule,  enveloping  all  the  rest  of  the  shell 
(Charlesworth).  It  seems  to  the  author  of  this  paper,  who  has  lately  met 
with  this  replacement  of  the  Echinodermatal  plates  in  both  enolosed  and 
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of  belemnites,  nor  the  shells  of  Inoceramus,  Ostrea,  Tere- 
bratula,*  &c.  When  such  unchanged  organisms  are  abandantlj 
present  in  flint,  or  when  they  have  left  cavities  after  remoyal  by 
water,  or  when  other  partially  altered  organisms  abound  in  the 
flint,  it  appears  coarse-grained,  and  is  called  '*  Chert.'*  80,  also, 
when  limestone  of  oolitic  stmctnre  (as  some  of  that  of  Portland^ 
and  Durness)  is  silicifled,  it  forms  an  opaque,  granular,  ^'  cherty  '* 
flint.  Some  Homstones  are  similar  pseudomorphs  of  silex  after 
carbonate  of  lime,  haying,  like  flint,  the  original  organic  con- 
stituents of  the  limestone  more  or  less  apparent  in  their  substance^ 
as  in  the  Silurian  and  Devonian  homstones  of  North  America  (Dr. 
M.  C.  White :  "  American  Journal  of  Science  and  Art,"  1862 
Series  2,  Vol.  xxxiii.,  p.  385).  A  nodule  of  flint  or  homstone, 
stated  to  have  come  from  the  Charnwood  slates,  much  resembles 
Chalk-flint  with  many  dark-grey  organic  (?)  granules. 

Much  of  the  flint  of  the  South  of  England  has  been  formed  out 
of  Chalk-mud  full  of  small  sponges,  and  an  infinity  of  spicules 
and  Foramiuifera,  which  hold  the  same  relative  position  in  the 
pseudomorph  as  they  did  in  the  original  mud  orooze.^  So,also,  groups 
of  echinites,!  shells,  and  other  fossils  occur  in  flint.     Fragments 

unenclosed  Bpecimens,  that  under  some  rare  circnmetances  the  oaloitio 
substance  has  been  replaced  by  silica,  but  not  with  the  common  Jlini 
("  spongeons  texture/*  above),  but  with  chalcedonic  Jlintf  ^&  mentioned  by 
Bowerbank,  and  such  as  is  described  by  Bischof  among  the  usual  displace- 
ment-pseudomorphs  of  calcite,  op.  cit.,  p.  479. 

•  Caster  and'Terebratula  shells  are  not  unfrequently  replaced  by  orhu 
cular  silfx  in  the  Lower  Greensand  and  other  deposits. 

f  Dr.  Bowerbank  insists  on  the  presence  of  Sponge-tissue  in  some  of  the 
oherty  flint  of  Portland  (Trans.  G^l.  Soc.,  Series  2,  Vol.  vi.,  p.  191),  and  Mr. 
M.  H.  Johnson  also  describes  some  spicular  chert  from  Portland  (Proo. 
Geol.  Assoc,  Vol.  ii.,  p.  254).  Some  chorty  flint  of  the  oolitic  Portland 
limestone  is  free  of  spongeous  spicules  or  fibres,  and  some  black  flint  from 
the  Portland  rock  of  Tillywhim  is  subtranslucent  flint,  with  dark  grey 
organic  (?)  granules  without  definite  teztDre. 

J  Compare  the  flint  composed  wholly  of  spicules,  Bowerbank,  Trans. 
Geol.  Soc,  Series  2,  Vol.  vi.,  pi.  zviii.,  fig.  3 ;  and  the  description  at  pp.  102 
and  184,  op.  cit. 

II  Dr.  Bowerbank  holds  that  the  internal  flint-casts  of  Echinoderms  in  the 
Chalk  are  altered  sponges,  which  grew  in  the  cavities  of  the  dead  shells,  and 
often,  protruding  from  the  orifices,  overgrew  the  surface  more  or  less,  and  even 
joined  on  to  other  such  sponges  (Trans.  Geol.  Soc,  loc,  cit.) ;  and  Mr.  M.  H. 
Johnson  supports  this  opinion  (Proc  Geol.  Assoc,  loc.  cit.).  The  presence  of 
decomposing  animal  matter  in  the  infilling  Chalk  ooze  seems  to  the  author 
to  have  determined  the  aggregation  of  silica  in  place  of  calcareous  atoms  ; 
and  such  flint  is,  like  the  rest,  full  of  the  minute  Chalk  fossils,  and  not 
necessarily  spongeous,  but  merely  a  siliceous  pseudomorph  of  the  Chalk- 
mud.  The  delicate  chalcedonic  layer  to  be  met  with  in  the  interior  of 
eohinites  occupied  by  flint,  mentioned  apparently  by  Dr.  Bowerbank,  op. 
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of  Inocerami  are  frequent  in  some  beds  of  the  Chalk,  and  in  the 
flint  of  some  localities :  they  lie  together  in  the  flint,  with  other 
organisms,  as  they  did  in  the  original  calcareous  mud  :  in  flint- 
gravel  they  have  been  dissolved  out,  and  in  fresh  flint  they  may  be 
removed  by  acid,  leaving  sharp  impressions  of  the  prismatic  edges, 
and  casts  of  the  minute  tubes  and  chambers  bored  by  parasites 
(CHona,  &c.)  on  their  substance,  and  once  filled  with  the  chalky 
ooze. 

The  fine  calcareous  detritus  which  filled  the  internal  canal  of 
encrinital  stems,  the  perforations  of  echinite  tests,  the  parasitical 
borings  in  oyster- shells  and  belemnites,  the  tubules  of  sponges, 
the  cavities  of  sea-urchins,  shells,  Foraminifera,  <&c.,  has  been 
changed,  atom  by  atom,  into  exquisite  siliceous  casts  of  such 
hollows  and  interiors,  and  istre  exposed  to  light  by  the  natural  or 
artificial  removal  of  the  calcareous  enclosure.  In  some  beds  of 
Chalk  the  pseudomorphosis  of  the  limestone  has  taken  place  near 
and  around  sponges  ;  elsewhere,  without  sponges,  large  masses  of 
oolitic  and  of  Polyzoan  Chalk  have  been  silicified  ( France)  ;•  also 
Orbitoidal  and  Nummnlitic  limestones  (West  Indies, f  Alps,  Scinde, 
Egypt,  &c.).  Freshwater  limestones  (Paris,  Asia  Minor,  &c.),  and 
Encrinital  limestone  (Carboniferous,  Britain  and  Tasmania).  The 
so-called  '^  screw -stones*'  from  the  last-mentioned  rock  (Derbyshire) 
are  the  silicified  internal  casts  of  the  hollow  encrinital  stems,  once 
filled  with  calcareous  mud  ;  the  external  mould  of  the  since  dis- 
solved calcitic  stem  being  represented  by  the  now  siliceous,  but 
fonnerly  calcareous,  matrix. 

Thus  stem,  test,  or  shell,  originally  of  calcite,  or  arragonite,  was 
not  changed ;  whilst  the  amorphous  carbonate  of  lime  within  and 
around  it  was  replaced  by  flint,  as  far  as  the  supply  of  silica  from  de- 
composition and  solution  of  felspathic  and  other  rocks,  or  from  silici- 
ferous  springs,  could  serve.  The  organisms  were  subsequently  dis- 
solved away  when  exposed  to  atmospheric  water,  leaving  vacant 
spaces.  The  white  surface  of  a  fresh  Chalk-flint,  of  whatever  shape 
it  may  be,  shows  by  its  rough,  granular,  and  snbreticular  surface, 
dotted  with  Microzoa  and  fragments  of  shells,  the  extent  of  the 

Git,  p.  187,  and  by  Mr.  Johnson,  op.  ctf.,  261,  seeniB  to  be  a  partial  replace, 
meut  of  the  calcitic  test  [see  above].  It  is  snborbicalar,  minutely  mammillate, 
granular,  and  irregnilarly  beaded,  somewhat  like  Mr.  H.  Slack's  fig.  6,  pi. 
63,  "  Monthly  Microscopical  Journal,"  June,  1874,  p.  237,  but  vastly  coarser. 

*  «'Reliqui8B  Aquitanicee,"  4to.  1865.75,  pages  32,  202,  and  249;  and 
Description  of  Plates,  pages  24,  36,  80,  Ac. 

t  *•  Geological  Magazine,"  Vol.  i.,  1864,  pp.  102,  Ac. 
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creeping  psendomorphic  change  between  the  nodule  and  tbe 
matrix ;  and  the  replacement  by  silica  has  been  tbrongh  jnst  so 
much  Chalk  or  other  limestone  as  the  nodnle  or  tabular  mass 
represents  in  size.  Even  some  vertical  flint  veins  in  Chalk  the 
author  believes  to  consist  of  the  two  altered  walls  of  a  fissure, 
which  has  been  traversed  bj  water  with  silex  in  solution ;  for  Chalk 
fossils  remain  sometimes  in  situ  in  such  vein-flint. 

Dr.  Bowerbank  has  described  in  detail  the  sponge-structures 
observed  by  him  in  Chalk-flints  (Trans.  Qeol.  Soc ,  Series  2,  Vol. 
yi ,  p.  188,  &c.,  pi.  18,  figs.  1  and  2)  ;  and  Mr.  M.  Hawkins 
Johnson  also  refers  to  definite  sponge-tissue  as  being  common  in 
flint ;  but  the  author  believes  that  in  the  South  of  England,  at 
least,  it  is  rare  for  sponge -tissue  to  be  itself  converted  into  flint. 
In  most  cases,  what  is  commonly  called  the  fossil  sponge,  repre- 
sents the  calcareous  mud  once  filling  the  cavities  of  the  sponge, 
the  tissue  having  generally  been  lost,  or  remaining  only  as  a 
ferruginous  stain.  Hollows  in  flints  due  to  the  removal  of  involved 
sponge-tissue  have  been  lined,  by  infiltration,  with  either  drusy 
quartz-crystals  or  mammillary  chalcedony.  Sometimes  thej  are 
filled  with  the  latter,  together  with  some  ferruginous  mixture, 
giving  rise  to  the  so-called  "  moss-agates  "  of  the  south  coast,  which 
contain  no  moss,  and  are  not  agates.  The  specks,  blotches,  lines, 
and  some  other  markings  apparent  on  weathered  flint,  the  author 
thinks,  in  many  cases,  arise  from  diflerences  in  the  texture  of  the 
flint,  due  to  the  various  organic  substances  inhabiting,  or  buried  in, 
the  calcareous  mud  now  represented  by  psendomorphic  silex. 
Among  such  organisms,  he  suggests  that  the  recent  thread-like 
Foraminifcra  {Botellina^  &o.)  of  the  Atlantic  ooze  may  have  had 
their  analogues  in  the  Cretaceous  mud,  giving  rise  to  some  straight 
and  cross-lined  markings  on  the  weathered  surfaces  of  broken 
flint,  and  somewhat  similar,  but  thicker  and  raised,  figures  on  the 
outside  of  nodules.  He  would  not  pretend  that  the  subject  of 
silicification  was  at  all  mastered  yet :  flint  itself  presented  many 
difficulties.  Among  the  questions  awaiting  solution  is  the  occur- 
rence of  crowds  of  exquisitely  perfect  siliceous  models  (replace^ 
menta)  of  Foraminifera  and  Entomostraca,  both  formerly  cal- 
careous, and  of  spicula,  which  may  or  may  not  have  been  once 
calcareous,  constituting  the  white  dust  in  the  interiors  of  many 
flint-nodules.  Mr.  Joseph  Wright,  F.G.S.,  of  Belfast,  has  lately 
described  and  figured  a  fine  series  of  these   Microzoa  from  the 
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hollow  flints  of  Antrim.*     It  is  said  that  these  siliceons  spicula, 
&c.y  differ  under  the  polariscope  from  other  flint. 

In  1840,  1841,  and  1849,  Dr.  J.  S.  Bowerbank,  F.R.S.,  com- 
mnnicated  soccessive  memoirs  on  the  silicification  of  Sponges  and 
other  Zoophytes,  and  on  the  formation  of  flint  and  other  siliceons 
substances.  See  Proc.  Geol.  Soc,  Vol.  iii.,  pp.  278  and  481  ; 
Trans.  Geol.  Soc,  Series  2,  Vol.  vi.,  p.  181 ;  Quart.  Joum.  Geol. 
Soc,  Vol.  y.,  p.  319.  A  vast  namber  of  interesting  facts  are  here 
recorded ;  the  author's  generalisation,  however,  that  spongeous 
tissue  is  always  present  in  flint,  and  has  brought  about  its  precipi- 
tation, though  influencing  many  geologists,  even  at  present,  has 
been  objected  to  by  others,  and  is  not  in  accordance  with  the  views 
of  the  author  of  the  present  paper,  who  has  long  taught  the  pseudo- 
morphic  origin  of  flint  (after  detrital  carbonate  of  lime).  See 
'^Geological  Magazine,"  Vol. i.,  1864,  p.  102  note.  He  has  subse- 
quently found  it  supported  by  Bischofs  statements.! 

The  replacement  of  carbonate  of  lime  by  silica  is  strongly  urged 
in  Prof.  P.  M.  Duncan's  careful  exposition  of  the  nature  and  con- 
ditions of  the  Fossil  Corals  of  the  West  Indies,  Quart.  Joum. 
Geol.  Soc,  Vol.  XX.,  1864,  p.  358,  &c.  Both  the  corallum  and  the 
carcareous  matrix,  in  different  degrees  in  different  specimens,  are 
silicified.  He  says  (p.  873) — **  The  process  of  silicification  is 
doubtless  very  slow ;  it  is  not  always  perfect,  for  the  silica  would 
appear  to  have  an  affinity  for  bodies  formerly  organised,  and  often 
to  destroy  the  former  tissues.  Thus  there  is  abundant  carbonate 
of  lime  in  which  transposition  is  not  going  on  around  the 
siliceous  fossils,  and  the  persistence  of  some  animal  or  vegetable 
organised  tissue,  decomposing  more  or  less  slowly,  appears  to 
determine  the  presence  of  certain  forms  of  silica ;  moreover,  the 
details  of  Corals  are  often  so  destroyed  by  the  deposition  of 
homogeneous  black  flint  that  this  destruction   must  have  com- 

•  **  Proceedings  of  the  Belfast  Naturalists'  Field  Club,"  New  Series,  Yol.  i., 
1875,  pages  73,  &o ;  plates  2  and  8. 

t  "  It  is  very  deserving  of  notice  that  carbonate  of  lime  may  be  dis- 
placed by  almost  all  siliceous  snbstances,  and,  consequently,  it  is  possible 
that  entire  layers  of  limestone  may  be  displaced  by  sUica.  This  may  serve 
to  account  for  some  remarkable  instances  of  the  occurrence  of  quarts 
layers,  the  production  of  which  cannot  be  ascribed  to  organic  agency  in  the 
sea.  It  is  probable  that  siliceous  limestone  has  originated  in  this  manner. 
But  when  the  carbonate  of  lime  was  amorphous,  as  is  the  case  with  most 
sedimentary  limestone,  such  a  displacement  cannot  be  recognised  mineralo* 
gically."    (Biflchof,  op.  cit.  p.  480.) 
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menced  after  tbe  Coral  was  imbedded."  The  conclasions  arriTed  at 
(p.  374)  are  worthy  of  very  careful  consideration. 

Many  years  since,  Dr.  G.  A.  Mantell  collected  much  iiiformation 
on  the  subject  of  silicification,  as  bearing  on  the  natnre  and  origiQ 
of  Chalk-flint,  which  he  published  in  the  various  editions  of  his 
"  Wonders  of  Geology,"  and  "  Medals  of  Creation."  See  espe- 
cially "  Wonders  of  Geology,"  7th  edition,  1867-8,  pp.  99,  806, 
727,  &c.  Some,  however,  of  Dr.  MantelPs  own  observations  are 
given  more  forcibly  in  a  paper  **  On  the  Microscopical  Examination 
of  the  Chalk  and  Flint  of  the  South- East  of  England,'*  read 
before  the  Geological  Society  of  London,  and  printed  in  the 
**  Annals  and  Magazine  of  Natural  History,"  Vol.  xvi.,  1845 ; 
in  which,  after  noting  that  shells  of  Molluscs  and  tests  of  £k;hi- 
noderms  do  not  occur  silicified  in  the  White  Chalk,  and  that 
bones,  coprolites,  and  teeth  are  usually  more  or  less  free  of 
flint,  and  after  explaining  his  belief  that  the  silica  was  by  no 
means  always  associated  with  Sponges,  and  was  not  derived 
from  siliceous  organisms  (Diatomaceie,  Spicules,  &c.),  but  from 
mineral  springs  and  the  dissolution  of  felspathic  and  other  rocks, 
and  that  the  siliciferons  water  streamed  over  the  sea  bottom, 
at  intervals  of  time,  involving  numerous  small  organisms  which 
became  fixed  in  the  subtranslucent  flint  precipitated  from  it,  he 
goes  on  to  say  (p.  80)  : — 

"  In  Bome  slices  of  flint  prepared  by  Mr.  Darker  from  the  Paramondra  of 
Ireland,  Polythalamia  are  very  nmnerons.  The  shells  or  oases  inTariably 
appear  to  be  silicified,  and  the  cells  of  the  dead  shells  to  be  filled  with  flint. 
By  dead  shells  I  mean  those  in  which  the  animal  was  dead,  and  its  soft  parts 
removed,  and  the  shell  empty,  before  its  immersion  in  the  silex;  for  I 
can  now  bring  nneqniyocal  evidence  to  prove  that  in  many  examples  the 
animal  itself  must  have  occupied  its  shell,  and  all  its  soft  parts  been 
entire  at  the  moment  when  it  became  enveloped  by  the  siliceous  fluid. 
A  specimen  figured  in  the  "  Medals  of  Creation "  first  directed  my 
attention  to  this  interesting  fact ;  and  several  specimens,  both  of  RotaXia 
and  Textilaria!,  have  since  been  discovered,  which  confirm  the  opinion  I  then 
ventured  to  suggest.  In  illustration  of  this  highly  interesting  fact,  I  select 
on  the  present  occasion  an  atom  of  flint  (scarcely  larger  than  a  pin's  head), 
discovered  by  Mr.  Lee,  in  which  are  imbedded  two  Rot^ilicd,  having  the 
cells  filled  with  a  rich  amber-coloured  substance,  that,  under  a  high  power, 
presents  a  granular  structure  analogous  to  that  of  the  body  of  the  recent 
Rotalue,  In  those  fossils  the  soft  parts  appear  to  be  in  the  state  of 
Molluskitet  or  they  may  have  undergone  silicification,   the  mineral  being 

coloured  by  the  animal  matter Wo  find  that  the  pale  yellowish. 

brown  or  amber  colour  of  many  semidiaphanous  flints  is  derived  from  the 
soft  parts  of  Rotalicp,  Texiilario'f  and  other  polythalamian  animalcules,  .  . 
.  .  .  as  the  dark  veins  and  markings  in  the  pillars  of  Purbeck  Marble  in 
the  Temple  Church  are  attributed  to  the  remains  of  the  soft  bodies  of  the 
freshwater  shells  of  which  that  limestone  is  composed,  in  the  state  of 
Molluskite  (p.  84)." 
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In  the  foregoing  extract  from  Dr.  Mantell's  Memoir  of  1845,  the 
^^Eotalia "  comprise  chiefly  PlanorbulincB  and  GlobigerincB.  That 
the  yellow  and  darker  coloors  of  flints  may  be  due  to  the  difiu- 
sion  of  the  vast  quantity  of  organic  matter  (sarcode  of  Foramini- 
fera)  buried  in  oceanic  calcareous  ooze,  is  very  probable.*  The 
flow  of  semigelatinous  siliceous  water  over  the  sea-bottom  is,  of 
course,  not  in  accordance  with  our  theory. 

Dr.  8.  P.  Woodward's  concise  and  excellent  paper  "  On  the 
Nature  and  Origin  of  Banded  Flints,"  in  the  ''  Geological  Maga- 
zine," Vol.  i.,  1864,  p.  145,  conveys  much  information  ;  but  fails  to 
fully  explain  the  substances  referred  to,  some  of  which — specially 
those  with  an  axis — appear  to  be  due  to  the  silicification  of  cal- 
careous mud  in  and  around  some  such  scalariform  and  subspiral 
sponges  as  Dr.  Bowerbank  obtained  from  Australia,  and  such  as 
Mr.  W.  S.  Kent  described  and  figured  in  the  **  Proceedings  of  the 
Zoological  Society,"  Vol.  vi.,  1871,  p.  616  plate  48  {Caulospongice), 
The  chalk  in  the  sponge-tissue,  and  the  chalk  between  the  spiral 
laminaB  of  the  sponge,  silicifying  with  difl'erent  textures,  and  sub- 
sequently weathering  with  different  appearances. 

Mr.  M.  Hawkins  Johnson's  Memoir  on  Flint,  in  the ''  Proceedings 
of  the  Geologists'  Association,"  Vol.  ii.,  pp.  251-269,  1872,  full  of 
the  results  of  careful  observation  and  thought,  adds  considerably  to 
our  knowledge  of  the  subject ;  but  his  view  of  the  Flint  as  a  pseu- 
domorph  after  Carbon^  especially  of  Sponges,  is  not  accepted  by  the 
author  of  this  paper  as  by  any  means  fully  accounting  for  all  the 
phenomena  of  Flint.  We  have  flint  after  calcareous  oolitey  after 
Polyzoan  polypidoms,  Orbitoidal  shells.  Corals,  &c.,  without  any 
trace  of  spongeous  matter;  and,  in  the  first  case,  without  any 
special  quantity  of  carbon  having  been  present.  Heaps  of  spicula 
are  also  silicified,  without  any  order,  but  continuous  with  Chalk 
largely  composed  of  a  similar  waste  of  spicules.  Again,  flint 
frequently  holds  a  very  large  proportion  of  organic  atoms  and 
Microzoa,  disseminated  throughout,  as  they  would  be  in  the 
original  calcareous  ooze,  and  probably  representing  a  fair  proportion 
of  such  of  the  oiiginal  constituent  organisms  as  were  not  readily 
replaced  by  silica.  This  is  notably  the  case  with  Foraminifera  (as 
noticed  by  Man  tell — see  above),  which  remain  visible  when  their 
sarcode  persists  as  an  opaque  colouring  matter,  the  shell  having 
been  replaced  by    the  pervading  translucent  flint.     Much,  how- 

*  See  also  B.'schof,  op,  cit,  p  457. 
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ever,  remains  to  be  worked  out  in  this  direction.  The  author  fails 
to  find  80  much  spongeous  tissue  in  flint  as  Bowerbank  and  John- 
son believe  to  exist  there.  In  adopting  for  flint  the  hypothesis 
of  a  siliceous  pseudomorph  of  the  carbonate  of  lime,  we  need 
not  be  always  asking  for  sponge-growth,  wherever,  and  under 
whatever  conditions,  flint  occurs ;  nor  for  the  violent  commingling 
of  Microzoa  with  sponge-tissue,  to  account  for  the  presence  of 
the  myriads  of  such  organisms  in  common  flint,  whether  nodules  or 
tabular,  or  even  in  the  vein-flint  of  fissures.  The  relationship, 
also,  of  echinites  and  their  flint  casts,  and  of  encrinites  and 
"  screwstones,"  &c.,  becomes  simple. 

§  6.  Sinter,  Hyalite,  and  Opal.* — Siliceous  Sinter,  both 
stalagmitic  and  granular,  resulting  from  hot  siliciferous  springs,  as 
in  Iceland,  New  Zealand,  Colorado,  &c.,  was  next  noticed ;  and  it 
was  suggested  that  sQme  of  the  flint  in  the  Purbeck  *'  Cap  "  at 
Portland  may  have  been  siliceous  sinter.  Hyalite  and  Opal  and 
its  varieties  were  merely  alluded  to, 

§  6.  Beekitbs  and  Potato-stones — The  orbicular  silex  of 
''  Beekite  "  was  exhibited  as  illustrating  the  deposition  of  silica  in 
concentric  concretionsf  in  and  on  the  surface  of  angular  fragments 
of  limestone,  which  at  the  same  time  it  has  replaced  to  some 
thickness. 

The  origin  of  the  "  Potato-stones,"  or  siliceous  geodes,  in  the 
Triassic  breccia  and  marl  beds  of  Wells  and  elsewhere  in  Somer- 
setshire, is  also  pseudomorphic ;  silica  having  replaced  the  outer 
portions  of  limestone  fragments.  In  some  cases,  fine  and  coarse 
chalcedonies  and  other  minerals  have  occupied  the  remaining 
hollow.  Infiltrating  water  has,  also,  it  seems,  formed  chalcedonic 
nests  in  angles  among  the  Dolomitic  breccia. 

An  examination  of  the  extensive  suit  of  **  potato-stones,** 
agates,  and  other  constituents  of  some  Triassic  conglomerates,  in 
the  Museum  of  the  Geological  Society  of  London,  led  the  author 
two  years  ago  to  recognise  the  probable — indeed,  to  him,  evident- 
formation  of  these  geodes  and  siliceous  nodules  from  fragments  of 
limestone  more  or  less  replaced  by  silica.  Mr.  Horace  B.  Wood- 
ward, F.G.S.,  of  the  Geological  Survey,  who  had  been  mapping  the 
Trias  of  South- West  England,  went  over  the  evidence  of  the 
apparent  pseudomorphosis  and  replacements  at  the  same  time,  and 

*  See  Bischof,  op.  eit,  p.  457,  &o. 

t  See  Clmroh  on  Beeldte, "  Journal  of  the  Chemical  Society,"  1862,  Ac 
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was  forciblj  impressed  with  its  significance.  These  '*  potato- 
stones  "  are  found  in  the  conglomerates  of  the  New  Red  Marl 
at  Westbury,  near  Bristol,  at  Worle,  Clevedon,  and  Chilcomptou, 
also  at  Sandford  and  other  Tillages  near  Banwell  and  Cheddar.* 
Mr.  Bristow,  F.H.S.,  has  found  them  in  the  Keuper  Marl  at  Barry 
Island,  Glamorganshire.  At  Kenfig  Point,  Glamorganshire,  they 
are  represented  in  the  same  formation  by  **  agates  "  (De  la  Beche  : 
**  Memoirs  Geological  Survey,"  Vol.  i.,  p.  243  and  246),  consisting 

of  chalcedonic  infillings  of  cayities  in  the  rock,  or  of  the  geodes 

» 

themselves. 

Amongst  the  metamorphosed  pebbles  of  some  old,  much  folded, 
and  crushed  conglomerates,  limestone  pebbles  have  been  found  to 
be  replaced  by  quartz  under  the  great  pressure  they  have  been 
subjected  to  (Hitchcock,  Canad.  Nat.  Geol.,  1868^  p.  802 ;  and 
Quart.  Joum.  Geol.  Soc.,  1864,  p.  125). 

§  7.  HoNESTONE  AND  Ghert. — In  somc  honestones  we  have 
extremely  fine  and  compact  sand,  cemented  with  silica,  thus  ap- 
proaching one  of  the  two  very  different  kinds  of  Chert.  Other 
kinds  of  honestone  belong  to  metamorphic  schists,  more  or  less 
siliceous,  and  metamorphosed  argillaceous  rocks  ;  and  some  may 
be  of  igneous  origin,  as  the  Water-of-Ayr  Stone. 

One  of  the  two  ''  cherts  *'  spoken  of  is  essentially  a  sandstone 
cemented  with  silica;  and,  in  weathered  specimens,  the  grains 
frequently  fall  away  from  the  cement,  leaving  little  cavities  which 
add  to  the  coarse-grained  or  *^  cherty  "  appearance  of  this  kind  of 
siliceous  rock.  The  other  ''chert"  is  a  pseudomorphous  silica 
after  detrital  carbonate  of  lime,  among  which  many  small  organisms 
and  pieces  of  shells  and  tests  and  encrinital  ossicles  either  remain 
visible,  or  have  left  cavities,  having  been  washed  out ;  in  either  case 
rendering  the  rock  more  opaque  and  coarse-grained  than  ordinary 
fiint  and  homstone. 

§  8.  Jasper. — Jaspers  the  author  was  disposed  to  view,  for  the 
most  part,  as  altered  clays,  though  some  are  opaque  chalcedonies. 
Bloodstone  (green  and  red),  riband'jaspers,  lydian  stone,  &c.,  are 

*  Mr.  H.  B.  Woodward,  who  gave  me  some  of  these  localities,  believes 
we  may  add  AzminBter  also.  The  Bev.  Dr.  Bnckland's  memoir  on  these 
Agates,  also  on  the  oocnrrenoe  of  jasper  and  jasper-agates,  in  a  dolomite 
near  Palermo,  and  on  other  chaloedonio  deposits,  will  be  fonnd  in  the 
Trans.  Geol.  Soc.,  Series  2,  Yol.  iii.,  p.  421,  &c.  It  should  be  noticed  that 
the  **  dolomite "  of  Somersetshire  is  not  an  original  massive  limestone,  as 
Dr.  Backland  seems  to  have  regarded  it,  but  an  impure  calcareously  ce- 
mented limestone  breccia. 
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especial  It  traeesble  lo  cUj  origins.  Beds  of  shale  and  claj  maj 
be  traced  into  iron-flint  (Eisenkiesel),  and  other  jaspery  rocks. 
Specimen^  from  Ballenstadt,  Tasmania,  &c^  were  exhibited.  The 
black  jaspideoQs  rock  now  representing  the  Lias  Shales  at  Portmsh, 
Antrim,  Ireland,  is  an  excellent  example  of  the  alteration  of  claj 
bj  intrasiFe  igneous  rock.  See  Portlock's  '^  Report  on  the  Geology 
of  Londonderry,'*  d:c.,  1 843,  p.  150,  &c  8o,»al80,  the  Liassic  lydite 
of  8kye.  In  Griqaaland  West,  South  Africa,  there  are  miles  of 
bedded  jaspers,  highly  contorted,  rarying  in  colour  and  character 
according  to  the  nature  of  the  original  clays  and  sand-rocks,  which 
were  crushed  and  folded  by  lateral  pressure,  and  altered  by  the  ac- 
companying hydrothermal  agency.*  A  large  pebble  of  contorted 
jasper  and  iron -jasper  was  exhibited.  Such  jaspers,  lydites,  and 
jaspery  schists  have  great  geological  importance  in  many  parts  of 
the  world,  inasmuch  they  hold  up  the  surface  of  the  country  by  re* 
sisting  denudation.  Some  of  the  jaspers  of  Griqualand  are  asso- 
ciated with  chalcedonic  layers ;  and  in  one  instance,  at  least,  these 
have  been  found  broken  up  and  cemented  together,  like  the  ruin- 
agate  of  Sicily  and  Saxony  (G.  W.  Stow's  Memoir,  op,  cit,,  p.  652). 

§  9.  Oroanio  Silica. — To  organic  silica,  such  as  exists  in  ac- 
cumulations of  Polycystina,  Sponge-spicules,  Diatomaceie,  dsc, 
only  a  passing  allusion  was  made. 

§  10.  Detrital  Silioa. — Neither  was  there  time  to  consider 
the  subject  of  detrital  silica,  which  plays  so  important  a  part  in 
geology,  as  conglomerate,  grit,  sandstone,  quartzite,  &c.  Some  of 
the  great  siliceous  conglomerates  and  sandstones  known  to  geolo- 
gists were  alluded  to --such  as  t&e  beautiful  Huronian  Con- 
glomerate of  white  quartz  and  red  jasper.  An  interesting  speci- 
men of  compact  Bagshot  Sand  (Sarsden  Stone),  bearing  vertical 
root- marks,  which  indicate  its  having  been  formed  in  shallow  water, 
was  exhibited,  having  lately  been  collected  by  the  author. 

Besides  granitic  rocks,  the  hard  bands  of  quartzite  (impacted 
sandstone,  semi -fused  by  moist  heat),  such  as  the  Stiper  Stones 
of  Shropshire,  and  great  quartz -veins,  like  the  auriferous  ''  reefs  " 
of  Gaiifoniia  and  Australia,  were  noticed  among  the  sources 
of  siliceous  sand  and  pebbles.  In  connection  with  the  former 
(quartzite),  the  following  quotation  is  of  interest,  from  Mr. 
Franklin  lihoda's  "  Report  on  the  Topography  of  the    San  Juan 

*  Seo  Q.  W.  Stow'tt  scctiouB :  Quart.  Joum.  Guol.  Soc.,  Vol.  xxx.,  p.  630, 
&o.  i  plato  89. 
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Country "  (Colorado),  "Bulletin  U.S.  Geological  and  Geogra- 
phical Survey  of  the  Territories,"  Second  Series,  No.  8,  1876, 
p.  188 : — *'  Still  another  point  is  the  fact,  that  in  the  meta- 
morphism  of  the  original  sedimentary  rocks  into  quartzite,  the 
great  natural  convnlsions  attending  that  process  have  distorted  the 
strata  terribly;  so  that,  as  in  this  particular  region,  a  number  of 
peaks  in  a  small  area  may  each  have  its  strata  dipping  at  a 
different  angle  from  all  the  rest.  The  effect  of  this  on  topography 
may  be  seen  in  the  sketch  from  Station  38,  in  which  the  peaks  are 
said  to  be  divisible  into  those  with  strata  dipping  south  ;  those,  in 
the  centre,  with  vertical  strata ;  and  those,  on  the  other  hand,  with 
northern  dip.  These  quartzite  mountains  are,  therefore,  peaked 
and  rugged."  ....  ^'The  peculiar  crystallisation  of  the 
quartzite,"  it  is  noted,  ''  has  also  a  marked  effect  on  the  forms." 

In  conclasion,  the  following  excellent  description  of  the  old 
quartzite  of  Assynt  was  read.  Writing  of  the  Assynt  Quartzite,* 
Professor  James  Nicol  says  : — ^**  Generally  it  is  a  pure  white  or 
yellowish  sandstone,  composed  of  fine  grains  of  quartz,  mingled 
with  a  little  felspar  or  mica.  SomiB  portions  have  a  fine  purplish 
tint,  as  if  composed  of  pounded  garnets.  The  quartzite  rests  on  the 
Torridon-sandstone,  butin  many  places  spreads  beyond  it  to  the  east, 
and  then  covers  the  gneiss.  Hard  and  refractory,  little  liable  to 
waste  or  decay,  it  remains  prominent  where  softer  beds  around 
have  been  washed  away.  Hence  it  appears  capping  the  summits 
of  lofty  mountains,  rising  like  snow-peaks  into  the  clear  blue  sky, 
and  contrasting  strongly  with  the  deep  red  of  the  lower  sand- 
stones. It  is  thus  seen  in  Ben  Eay  and  the  Torridon  mountains, 
where  frequent  faults  have  brought  up  wedges  of  white  and  red 
rocks  in  singular  altemations.f  Stronger  proof  cannot  be  given 
of  how  the  ground  has  been  shivered  into  fragments  during  the 
many  convulsions  it  has  undergone.  But  these  quartzite  moun- 
tains become  far  more  impressive  on  a  closer  inspection.  Their 
cold,  spectre-like  aspect  when  remote  is  almost  warm  and  living, 
compared  to  the  bare  icy  sterility  that  reigns  amid  their  glens  and 
corries.  The  rocks,  smoothed  and  polished  by  ice- action,  shine 
with  dazzling  whiteness.  No  flower  or  tree,  scarce  the  hardiest 
lichen,  can  find  root  or  soil  in  crack  or  crevice.     Rare  patches  of 

•  "  The  Geology  and  Scenery  of  the  North  of  Scotland,"  20mo.,  1866, 
Edinborgh,  pages  29-32. 
t  (^uart.  Jouru.  GeoU  Soc,  Yol.  xvi.,  p.  104,  fig.  13. 
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black  moss — blacker  from  the  white  basin  in  which  they  rest — a 
few  detached  stones,  broken  by  the  winter-storms  from  the  higher 
pinnacles,  alone  diversify  the  surface.  There  conld  scarce  haye 
been  less  life  there  when  the  snow  neve  filled  the  npper  corries,  and 
the  ice-river  flowed  down  the  glens.  Strange  all  this  barrenness, 
sterility,  ntter  absence  of  life,,  is  the  result  of  the  indestructibility  of 
the  qnartzite.  It  is  dead  because  the  ordinary  powers  of  nature 
cannot  destroy  it.  It  wants  the  higher  organic  life,  because  it 
lives  too  long  as  an  inert  inorganic  mass.  Where  it  is  more  ex- 
posed, where  the  peaks  are  more  broken,  where  the  coarse  angular 
shingle  streams  in  long  rivers  down  the  mountain-sides,  or  gathers 
in  the  hollows,  there  wiry  grass  and  other  hardy  plants  be^n  to 
grow,  and  a  few  birds  are  seen  searching  for  the  beetles  and 
mountain  insects  that  even  there  And  food  and  shelter. 

"  In  the  Qnartzite  Period  organic  life  undoubtedly  existed. 
Two  score  years  ago  Dr.  Maccnlloch*  pointed  out  certain  conical 
hollows,  ending  in  long  pipe-like  bodies.f  These  he  described  as 
Worm-holes — the  prototypes  of  those  seen  on  the  shore— where 
the  lobworm  sinks  into  the  sand  left  dry  by  the  retiring  tide.  We 
have  seen  other  smaller  holes  identical  in  form  with  the  holes 
which  some  small  Crustacea  on  the  Kyle  of  Durness  are  now 
digging  in  the  sand  washed  out  of  these  very  rocks.  The  same 
sand  is  now  lying  in  the  same  place,  and  beings  of  like  organisa- 
tion are  still  burrowing  it  out  for  food  or  shelter.  Yet  the  mind 
almost  refuses  to  grasp  the  myriad  ages  that  have  intervened. 
The  poor  Worm  or  Insect  in  its  daily  occupation  was  building  itself 
a  monument  cere  perennius,  a  tomb  more  enduring  than  king  or 
kaiser — the  moral  needs  not  to  be  drawn  1" 


•  Trans.  Geol.  Soo.,  Vol.  ii.,  p.  461. 

t  See  also  MarchiBon's  **  Siluria,"  last  edition,  p.  166,  fig.  28. 
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ORDINARY  MEETING,  March  3rd,  1876. 
William  Carruthers,  Esq.,  F.R.S.,  &c.,  President,  in  the  Ohair. 
The  following  Donations  were  announced  : — 

'*  Bnlletin  of  the  United  States  Geological  and  Geographical 
Survey  of  the  Territories,"  No.  5,  Second  Series ;  from  Dr.  P.  V. 
Hayden. 

**  Descriptive  Catalogue  of  the  Photographs  of  the  United 
States  Geological  Survey,*'  Second  Edition;  from  Dr.  F.  V. 
Hayden. 

**  Geognostische  Untersuchung  des  Siidural-gebirges,"  by  E. 
Hofmann  and  G.  von  Helmersen  ;  from  John  Hopkinson,  Esq., 
F.L.S.,  &c. 

"  Darstellrug  der  Uebergangs-formation  in  Norwegen,"  by  B. 
M.  Keihnan  ;  from  John  Hopkinson,  Esq.,  F.L.S.,  &c.> 

**  Quarterly  Journal  of  the  Geological  Society,"  Vol.  xzzii. 
Part  1 ;  from  that  Society. 

"  Abstracts  of  the  Proceedings  of  the  Geological  Society,"  Nos. 
813  and  814;  from  that  Society. 

"  Journal  of  the  Society  of  Arts,"  February,  1876  ;  from  that 
Society. 

"  Proceedings  of  the  Glasgow  Natural  History  Society,"  Vol. 
i,  and  Vol.  ii,  Part  1 ;  from  that  Society. 

''  Journal  of  the  Quekett  Microscopical  Club,"  No.  80 ;  from 
that  Club. 

The  following  were  elected  Members  of  the  Association : — 

Bichard  Barker,  Esq.;  Robert  William  Cheadle,  Esq.;  William 
H.  Davis,  Esq. ;  N.  Heincmann,  Esq.,  Ph.D.,  F.R.G.S. ;  and 
William  Ford  Stanley,  Esq.,  F.R.A.S.,  F.R.M.8. 

The  following  Papers  were  read  : — 

1.  The  Baoshot  Sands  in  the  Isle  of  Sheppey. 

By  Major  F.  Duncan,  R.A.,  D.C.L.,  F.G.S.,  &c. 


2.  On  the  Mill  Hill  Cutting,  Shbppbt. 
By  W.  M.  Sheubsolb,  Esq. 


D  D 


460 

8.  Known  Pacts  and  Unknown  Problems  of  Arctic  Geology. 

By  Charles  E.  Db  Rance,  Esq.,  F.Q.S.,  of  H,M.  Greological 

Survey. 

Before  entering  into  the  more  immediate  subject  which  I  have 
the  pleasure  of  bringing  before  you  to- night,  it  may  be  well  to 
take  a  rapid  glance  over  the  means  by  which  our  knowledge  of  the 
Arctic  Regions  was  obtained,  and  the  causes  which  led  to  another 
expedition  being  considered  necessary  for  the  advancement  of 
science.  The  British  Government  have  despatched  no  less  than 
six  scientific  expeditions  to  explore  the  North  Polar  area  within 
the  last  century,  1773-1845,  which  on  the  sad  and  untimely  fate 
of  the  last  under  Sir  John  Franklin,  were  followed  by  fourteen 
Government  and  private  expeditions  devoted  to  search  alone,  but 
which,  nevertheless,  brought  back  large  additions  to  our  knowledge 
of  the  geography  and  geology  of  the  Arctic  area.  On  the  solu- 
tion of  the  fate  of  Sir  John  fVanklin  and  his  brave  companions, 
in  1859,  Great  Britain  withdrew  from  the  task  of  Arctio  research, 
and  the  efforts  that  were  made  to  reach  the  pole,  from  time 
to  time,  were  carried  out  by  other  nations.  The  American  expe- 
ditions were  all  made  by  way  of  Smith  Sound,  or  the  head  of 
Baffin's  Bay.  The  Polaris,  commanded  by  Captain  Hall — a  small 
river  steamer,  with  a  crew  of  only  twenty-five  men — ^passed  up  the 
strait  to  the  north,  a  distance  of  two  hundred  and  fifty  miles,  in 
one  season,  and  her  boats'  crews  succeeded  in  reaching  latitude 
82^16'  N.  In  the  winter  quarters  of  the  Expedition,  in  Sl^'SS', 
the  climate  was  milder  than  further  south,  and  animal  life 
abounded,  including  musk  oxen. 

The  German  expedition,  following  the  directions  of  the  Con- 
tinental geographers,  attacked  the  Pole  from  the  eastern  side  of 
Greenland,  reaching  the  latitude  of  77^0' — or  but  little  beyond 
that  attained  by  the  present  Sir  Edward  Sabine  in  1828. 
Formidable  ice-barriers  on  the  80th  parallel  repelled  the  Swedish 
expeditions,  made  on  the  northern  side  of  Spitzbeigen  and  Nova 
Zembla ;  while  the  Austrian  expedition,  which  left  Norway  in 
1872,  managed  to  travel  on  the  ice  in  sledges  as  far  as  longitude 
82°,  and  observed  continuous  land  as  far  north  as  88°,  but  were 
obliged  to  abandon  their  vessel  in  the  ice-barrier  of  the  80th 
parallel ;  but  none  of  the  expeditions  from  Spitzbergen,  though 
carried  out  with  so  much  determination,  skill,  and  labour,  managed 
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to  reach  so  high  a  latitade  as  Parry,  in  his  sledge  and  boat  joamey 
from  Spitzbergen,  in  1827. 

It  is  worthy  of  note  that  the  first  expedition  to  the  Arctio 
Regions,  dispatched  rather  more  than  a  century  since,  was  organized 
at  the  request  of  the  Royal  Society,  who  urged  upon  the  First  Lord 
of  the  Admiralty,  Lord  Sandwich,  the  service  the  discovery  of  the 
North  Polar  Area  would  be  to  the  promotion  of  natural  knowledge. 
At  this  time  the  entire  Arctic  Zone  was  a  blank  on  the  maps,  with 
the  exception  of  a  few  outlines  of  Baffin's  Bay  and  a  part  of 
Spitzbergen,  to  which  Captain  Phipps,  afterwards  Lord  Mulgrave^ 
was  dispatched,  and  in  which  expedition  Lord  Nelson  served  as  a 
midshipman. 

In  1818  the  Royal  Society,  prompted  by  Sir  Joseph  Banks  and 
Sir  John  Barrow,  impressed  on  the  Government  the  necessity  of 
further  investigation,  and  the  expeditions  led  by  fVanklin,  Parry, 
Back,  John  and  James  Ross,  Sabine,  Buchan,  Beechey,  and  Lyons, 
were  the  result.  Notwithstanding  the  large  number  of  persons 
employed  in  these  numerous  expeditions,  no  loss  of  life  occurred 
over  the  whole  fifteen  years.  After  the  discovery  of  the  precise 
position  of  the  Magnetic  Pole  by  Sir  James  Ross,  in  1831-33) 
Arctic  exploration  paused. 

In  1845  the  Royal  Society  again  urged  the  necessity  of  further 
knowledge  of  the  Polar  area,  and  Sir  John  Franklin  was  dispatched 
in  charge  of  the  last  scientific  expedition  sent  by  Britain  to  the 
Arctio  Regions,  until  that  which  left  our  shores  last  year  in  May. 

Glaoial  Phenombna. 

The  western  coast  of  Greenland  is  guarded  by  a  circle  of  bare  bleak 
islets  two  thousand  feet  in  height,  separated  from  each  other  by 
fjords,  through  which  passes  the  drainage  of  the  enormous  mer  de 
glace,  which  covers  the  country  to  an  unknown  depth,  and  conceals 
the  rocks  beneath — tbe  inlands  its  of  the  Danes,  which  abruptly 
terminates  in  steep  cliffs — seimiik  soak  (ice-wall)  of  the  Esqui- 
maux— three  thousand  feet  in  height^  where  deep  glens  and  fjords 
penetrate  the  country. 

The  surface  of  the  ice  field  is  described  by  all  observers  as  ex- 
hibiting a  marked  '^  escaladed  structure,"  as  it  was  termed  by  Dr. 
Kant,  the  ice  rising  towards  the  snow  shed  in  a  series  of  steps ; 
but  the  general  effect  of  the  scene  appears  to  closely  resemble  that 
of  sailing  out  to  sca^  for  though  Professor  Nordenskjold  found  the 
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ice  thirty  miles  inland  to  rise  to  a  height  of  three  thoosand  feet,  jei 
the  slope  is  so  imperceptible  that  in  travelling  inland  the  land 
appears  to  be  left  behind,  and  an  interminable  ocean  of  ice  enconn« 
tered.  In  summer  the  surface  of  ice  melts  to  a  certain  extent,  and 
rivers  of  ice-cold  waters  flow  over  the  inland-ice,  and  fall  into 
crevasses  of  unknown  depth,  which  are  exceedingly  numerooB,  and 
increase  in  size  and  number  the  further  inland  the  obserrer  has 
advanced. 

Dr.  Rink  believes  that  only  two  inches  of  the  Greenland  precipi- 
tation of  snow  and  rain  reaches  the  sea  in  the  form  of  glacier  ice, 
while  he  estimates  the  total  precipitation  at  twelve  inches ;  or  that 
evaporation  being  exceedingly  small,  nearly  ten  inches  must  be 
carried  ofif  by  sub -glacial  rivers.  It  is  needless  to  point  oat  the 
important  influence  these  sub-glacial  streams  must  have  on  the 
underlying  clay  deposits,  the  moraine  profonde  or  coitche  de  baue  of 
Agassiz,  the  result  of  the  trituration  of  the  rocks  over  which  the 
ice  passes.  The  crevasses  descend  to  a  depth  of  probably  not  less 
than  two  thousand  feet ;  and  into  one  of  these  chasms,  with  Tertical 
walls  of  blue  ice.  Professor  Nordenskjold  and  Dr.  Berggren  found 
magnificent  rivers  precipitating  themselves  and  disappearing,  at  a 
height  of  two  thousand  two  hundred  feet  above  the  sea,  and  in  a 
locality  thirty  miles  inland  from  the  coast,  in  lat.  68^22'  N.  It  was 
on  the  surface  of  the  ice  of  this  area  that  the  observers  noticed  the 
grey  sandy  trachytic  mineral  Kn/okonite,  associated  with  a  brown 
polycellular  alga;,  the  dark  masses  of  which  absorbing  the  sun's 
rays  cause  the  ice  to  melt  and  form  the  deep  holes  which  traverse 
the  surface. 

The  height  of  the  rock  surface  of  Greenland  beneath  the  ice  is 
exceedhigly  problematical,  but  that  it  is  much  lower  than  the 
circles  of  islands  which  fringe  the  coasts  and  form  a  barrier  to  the 
inland  ice  is  certain.  The  Danish  settlements  are  situated  on 
these  islands,  and  on  the  narrow  strip  of  laud  between  them  and 
the  ice-wall,  where  fjords  or  valleys  intersect  the  country,  the  ice 
pours  over  and  makes  its  way  to  the  sea  as  distinct  glaciers ;  the 
seaward  channel  generally  becomes  choked  up  with  the  immense 
quantity  of  fine  material  brought  down  by  the  sub-glacial  streams, 
flowing  out  beneath  the  ice.  In  most  cases  the  glacier  extends  far 
out  into  the  water  channel,  terminating  in  the  "iis-blink"  (ice- 
glance)  of  the  Danes,  from  the  face  of  which  bergs  break  off,  and 
plough  their  way  seaward  through  the  drift  deposits  choking  up 
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the  channel.  Further  north,  in  Melville  Bay,  Sutherland  describes 
the  ice  as  forming  a  continuous  wall  seventy  to  eighty  miles  in 
length  and  1200  to  1500  feet  high,  of  which  about  an  eighth  is 
above  the  water  level,  the  Esquimaux  halibut  fishers  requiring 
three  hundred  fathoms  of  line  to  reach  the  bottom  of  the  face  of 
the  ice.  In  lat.  68**,  near  Glaushavn,  where  valleys  come  down  to 
the  coast,  the  ice  is  not  less  than  2,000  feet  in  thickness,  and  the 
bergs  of  great  size.  Still  further  north,  however,  beyond  Cape 
York,  the  glaciers  are  smaller,  the  air  not  being  so  charged  with 
watery  vapour  from  the  Atlantic. 

The  specific  gravity  of  the  sea- water  of  Davis  Straits,  according 
to  Scoresby,  is  1-0263,  freezing  at  28i°F.,  when  the  salt,  5joz.  to 
the  gallon,  is  precipitated,  and  the  "bay-ice"  of  the  whalers 
formed :  this  eventually  becomes  afioe,  which,  uniting  with  others, 
forms  ''pack-ice.*'  In  summer  the  ice  near  the  sides  of  a 
channel  melts  first,  and  the  strip  left  intervening  constitutes  the 
"  middle  ice  "  of  the  whaler ;  the  left,  between  the  open  water  and 
the  land,  which  hangs  and  clings  to  the  cliffs,  forms  the  '*  iis-fod" 
(ice-foot)  of  the  Greenland  Danes,  which  receives  large  quantities 
of  landslips  and  other  dSris,  which,  when  the  ice  breaks  up,  are 
carried  seaward,  on  the  bottom  of  which  they  deposit  their  stoney 
freight. 

Terraces  of  Glacial  Drift  were  found  by  Karr  and  Hayes  at 
various  heights  from  32  to  110  feet  above  the  high  tide,  along  the 
whole  coast  of  Greenland  and  Smith's  Sound.  Hollows,  also, 
extending  as  high  as  500  feet  above  the  sea  wore  filled  with  this 
clay,  which,  in  some  cases,  formed  banks  overlooking  the  glaciers. 
The  clay  contains,  in  some  places,  Echinodermata,  Crustacea,  and 
Mollusca,  of  living  local  Arctic  species,  with  the  exception  of 
two — Glycimeris  siliqua  and  Panopoea  Norvegica,  In  nodules  of 
this  clay  occur  the  well-known  impressions  of  the  angmaksaett 
(Mallotua  Arcticus,  O.  Fabr.),  a  fish  still  living  in  Davis  Straits. 
Examples  of  these  nodules  may  be  seen  in  the  British  Museum 
split  longitudinally ;  their  great  density  is  noticeable  from  their 
great  analogy  to  the  fossil-bearing  ironstone  nodules  of  the  Coal 
Measures. 

The  icebergs  of  Davis  Straits  are  described  as  covered  with 
rocks  and  boulders,  often  weighing  one  hundred  tons  each,  frozen 
into  their  mass.  Where  the  bottom  of  the  sea  is  hard,  and  the 
depth  shallow,  the  berg  is  brought  to  a  stand ;  and  even  when  the 
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sea  bottom  consists  of  soft  glicud  claj  the  resolt  is  often  the  ssme, 
and  a  talus  is  pn&hed  ap.  These  snbmaiine  banks  constantlj  in- 
crease in  size,  from  the  clustering  of  small  beigs  upon  theniy  and 
form  the  hannt  of  shoals  of  cod  and  halibut  and  mjriads  of  sharks. 
In  Melyille  Baj  Dr.  Brown  describes  the  bergs  as  reapmg 
immense  crops  of  Laminaria^  torn  from  a  d^th  of  one  bondred 
fathoms  with  their  seaweed  and  broken  shells  of  Mya  and  Saxi" 
cava,  which  may  be  thus  transported  bj  corrents  long  distances, 
and  these  littoral  shells  deposited  in  deep  water. 

No  more  remarkable  fact  was,  I  think,  brought  back  by  the 
officers  of  the  Polaris,  than  the  occurrence  of  erratic  fragments, 
derived  from  Fiskemaes,  in  South  Greenland,  in  the  Glacial  Drift 
overlying  the  Upper  Silurian  limestone  as  far  north  as  81*^80'  N. 
and  forming  the  coast  north  of  the  Humboldt  Glacier,  indicating  a 
distinct  drift  from  south  to  north.  It  is  also  worthy  of  note,  that 
a  large  number  of  freshwater  lakes  were  noticed,%inhabited  by 
marine  Crustacea,  indicating  a  comparatively  modem  upheaval  of 
this  tract  thirty  feet  above  the  sea  level. 

A  great  number  of  observers  have  recorded  the  decided  evi- 
dence of  a  subsidence  now  going  on  on  the  west  coast  of  Green- 
land. Arctander,  in  1777,  noticed  that  land  in  a  firth,  called 
Igalliko  (60^49'),  was  submerged  at  spring  tides,  though  walls  five 
feet  in  thickness  still  remained  ;  half  a  century  later  the  tract  vras 
entirely  submerged.  Houses  built  in  1721,  at  the  time  of  Egede, 
the  Apostle  of  Greenland,  have  now  the  sea  flowing  into  them  at 
high  tide. 

From  an  early  date  the  peculiar  discolouration  of  portions  of 
the  Arctic  sea  has  been  commented  on  by  the  navigators  and 
whalemen  who  traversed  the  frozen  ocean.  Henry  Hudson,  in 
1607,  believed  that  the  sea  was  blue  or  green,  according  to  whether 
ice  was  present  or  absent.  Scoresby  considered  that  the  dis- 
coloured water  formed  one-fourth  of  the  surface  of  the  Greenland 
Sea, between  the  parallels  74°  and  80®  north  latitude.  He  describes 
the  appearance  as  occurring  in  long  bands  lying  north  and  south, 
and  varing  in  dimension.  ''  Sometimes  the  transition  between  the 
grass-green  water  (with  a  shade  of  blnck)  and  the  blue  is  progres- 
sive, passing  through  the  intermediate  in  the  space  of  three  or 
four  leagues  ;  in  others,  it  is  so  sudden  that  the  line  of  separation 
is  seen  like  the  rippling  of  a  current."  Dr.  Robert  Brown,  to 
whom  it  was  reserved  to  discover  the  cause  of  this  discolouration, 
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noticed  that  a  vessel  in  the  space  of  a  few  hours,  sails  throngh 
alternate  patches  of  deep  hlack,  green,  and  cerulean  blue ;  while  in 
the  upper  reaches  of  Davis  Straits  and  Baffin's  Bay  one  hundred 
miles  may  be  traversed  with  one  uninterrupted  space  of  the  latter 
colour.  Scoresbj  believed  immense  numbers  of  MeduscB  caused 
the  discolouration  of  the  water,  and  afforded  the  food  of  the  count- 
less "right  whales'*  which  frequented  the  **  black  water."  Dr. 
Brown,  however,  found  that  on  several  cold  days,  the  Meduscs,  both 
large  and  small,  sunk,  and  yet  the  water  retained  its  usual  colour, 
and  being  microscopically  examined,  was  invariably  swarming 
with  Diaiomaceous  life,  the  large  proportion  of  which  belonged  to 
a  beautiful  siliceous  moniliform  diatom,  which  is  described  by 
Dr.  Oberg  as  having  the  appearance  of  a  minute  beaded  necklace, 
about  70ifth  part  of  an  inch  in  diameter,  with  articulations  con- 
taining a  brownish-green  granular  matter,  which  gives  the  colour 
to  the  plant,  and  again  to  the  sea,  in  which  it  grows  so  abundantly. 
The  swarms  of  diatoms  found  at  the  surface  of  the  Greenland 
seas,  in  Davis  Straits,  Baffin's  Bay,  and  in  Spitzbergen,  do  not 
appear  to  live  in  water  of  any  great  depth,  for  even  in  samples 
brought  up  from  two  hundred  fathoms  no  traces  of  them  were 
found. 

In  June,  1861,  Dr.  Brown  noticed  that  the  long  brown  streaks 
on  the  ice,  of  the  breaking  up  floes,  were  due  to  the  presence  of 
the  same  siliceous  moniliform  diatom,  which  he  found  to  mainly 
contribute  to  the  food  of  the  whale  ;  for  on  examining  the  ali- 
mentary canal  of  these  animals,  microscopically,  he  found  the 
contents  to  consist  of  these  Diatomacece,  which  give  the  sable  hue 
to  the  Arctic  seas,  and  also  afford  food  for  the  smaller  Mollusca 
and  Echinodermata.  The  long  slimey  bands,  resembling  the  fronds 
of  LaminaricBy  found  by  the  early  whalers,  immediately  under 
the  ice,  were  found  by  Dr.  Sutherland  to  be  masses  of  diatoms, 
which  Dr.  Brown  describes  as  filling  the  cavities  which  honeycomb 
the  surface  of  the  gigantic  floes,  and,  by  generating  a  certain 
amount  of  heat,  convert  them  into  cavernous  sheets,  the  "  rotten 
ice  "  of  northern  navigators. 

Dr.  Brown  records  some  interesting  observations  on  the  effect  of 
the  lowering  of  the  surface-temperature  of  the  sea  on  the  presence 
of  animal  and  Diaiomaceous  life.  On  the  evening  of  the  4th  of 
June  a  pint  measure  of  Entomostraca,  Pteropoda,  and  Medusas^ 
was  collected  in  the  towing  net  in  a  few  minutes,  with  a  tempera- 
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ture  of  32*5°  ;  the  next  morning,  in  the  same  position,  no  ice  to 
be  seen,  the  same  air  temperature,  but  that  of  the  sea  sunk  to 
27'5°,  no  trace  of  organic  life  was  left.* 

The  food  of  the  northern  whale  is  Clio  horecdia  and  Ceto^ 
chilu8  septrentrumaliSy  which  feed  on  the  diatom  which  stains  the 
northern  seas  black,  and  which  is  found  most  plentifdllj  daring  the 
calm  Arctic  nights,  daring  which  the  greater  number  of  whales  are 
taken  whilst  seeking  the  '^  whales'  food." 

Paljeozoic  Rocks. 

Dr.  Karl  Vrba  examined  microscopically  more  than  200  rocks, 
from  South  Greenland,  brought  home  by  Prof.  G.  G.  Laube,  the 
Geologist  attached  to  the  second  German  North  Polar  Expedition ; 
they  consisted  of  hornblende  and  zircon  granites,  gneiss,  eurite, 
syenite,  orthoclase  porphyry,  diorite,  diabase,  gabbro,  weichstein, 
and  serpentine. 

Professor  Laube  in  his  Map  of  the  Geology  of  South  Green- 
land, represents  the  granite  and  gneiss  as  also  extending  along  the 
East  Coast  as  far  as  61°  N.  These  crystalline  rocks  continue  along 
the  whole  coast  of  Western  Greenland,  from  these  the  Greenlanders 
derive  the  steatite,  from  which  they  make  their  lamps,  and  other 
utensils.  The  only  exception  in  the  continuity  of  the  gneiss  and  crys- 
talline rocks,  in  the  coast  section  of  West  Greenland  audits  islands, 
is  the  projecting  peninsula  of  Noursoak  and  the  Island  of  Disco, 
where  sedimentary  coal-bearing  beds  of  Cretaceous  and  Miocene 
age  occur  in  the  hollows  and  old  valleys  of  the  gneiss,  from 
which  tinstone,  magnetic  pyrites,  and  other  minerals  have  been 
obtained  in  Disco.  Graphite  is  also  reported  in  a  fine-grained 
granite,  with  grey  quartz,  and  felspar  of  a  watery  lustre,  with 
garnets. 

Should  it  be  proved,  that  the  Gneissic  and  Granitic  Rocks  of 
Greenland  are  of  Lauren tian  age,  it  would  appear  that  this  tract  had 
been  more  extensively  denuded  before  the  Cretaceous  epoch  than  the 
Arctic  Archipelago, — where  the  Laurentians  are  overlaid  by  the 
Upper  Silurian,  Devonian,  and  Carboniferous  rocks  and  the   Lias. 

The  remarkable  fluoride  of  sodium  and  aluminium — Cryolite — 
is  peculiar  to  the  west  coast  of  Greenland,  with  the  exception  of 
Miask  in  Siberia.     The  veins  of  it  occurring  at  Evigtok,  12  miles 
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from  Arksut,  were  discovered,  throagh  weights  of  this  material 
used  in  the  fishery  for  capelins,  cod,  and  Arctic  salmon  (the  lodd^ 
of  the  Norwegians),  being  sent  to  Copenhagen  by  Danish  mission- 
aries at  the  beginning  of  the  century.  Thq  white  cryolite  vein  is 
80  feet  in  width,  and  has  been  worked  by  Mr.  Taylor,  F.G.S.,  fif- 
teen feet  from  the  surface  the  cryolite  was  of  a  dark  colour,  so  that 
it  is  probable  that  the  other  vein  of  black  cryolite  is  merely  less 
decomposed.  The  Greenlanders  value  the  white  variety  most,  which 
they  pound  with  tobacco  leaves,  and  use  the  product  as  snnfif. 
Cryolite  is  used  in  Denmark  for  the  manufacture  of  soda,  by 
mixing  it  with  lime  and  applying  heat;  the  fluoride  is  sent  to  Paris 
to  be  used  in  glass  etching.  Its  use  as  a  source  of  aluminium, 
discovered  by  Mr.  Dick  in  1856,  has  since  been  abandoned  in  favonr 
of  bauxite.  The  white  cryolite  vein  dips  south,  with  the  planes , 
of  the  gneiss  in  which  it  occurs  ;  near  the  higher  portion  of  the 
vein,  a  large  quantity  of  galena  occurred,  which  was  worked  in 
1854,  giving  45  ozs.  of  silver  to  the  ton  of  ore. 

Crystalline  rocks  form  the  entire  west  coast  of  Baffin's  Bay  and 
Davis  Straits,  from  Cumberland  Sound  to  Lancaster  Sound,  with 
the  exception  of  Cape  Durban,  where  coal-beds  occur,  which  may 
possibly  be  a  continuation  of  those  of  Disco. 

Granite,  gneiss  with  garnets,  greenstone  and  mica  schist,  were 
brought  home  by  Ross,  from  Waigatt  Island,  the  Three  Islands 
of  Baffin  (74°  1'  N.  lat.,  57°  28'  W.  long.) ;  Cape  Melville, 
Bushman  Isle  (36°4'  N.  lat.,  65°  66' W.  long.) ^,  between  Cape 
York  and  Cape  Dudley  Digges,  including  the  Crimson  Cliffs  ;  and 
from  Agnes  Monument  (70°  37'  N.  lat.,  and  67°  30'  W.  long). 
A  large  number  of  specimens  were  brought  home  by  Capt.  John 
Ross*  in  1819,  from  Davis  Straits  and  Baffin's  Bay,  and  deter- 
mined by  Dr.  J.  Mac  Culloch,  who  describes  the  gneiss  with  green 
compact  felspar,  pyrites  and  garnet  occurring  at  Possession  Bay 
and  Cape  Byara  Martin  (73°  83'  N.  lat.,  77°  28'  W.  long.),  as  being 
exactly  *'  similar  to  that  which  occurs  abundantly  in  the  Western 
Isles,  and  more  particularly  on  the  western  coast  of  Ross-shire, 
prevailing  particularly  about  Loch  Ewe  and  Loch  Greinord,"  rocks 
which  have  since  been  determined  to  be  Laurentian. 

The  Granitic  and  Crystalline  Rocks  of  the  Hudson's  Bay  Terri- 
tory, described  by  Sir  John  Richardson,  were  believed  by  Sir 
Roderick  Murchison  to  be  referable  to  the  Laurentian  System,  and 
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be  pointo  oat  that  the  rocks  which  oreriie  these  in  the  northern  psrU 
of  this  territorjy  are  characterized  by  the  prevalence  of  Upper 
Silarian  corals  of  the  Niagara  and  Onondaga  Limestone  gronp, 
the  eqoiTalents  of  oor  Wenlock  and  Dudley.  From  the  oceiirrenoe 
of  EncrinuruB  punctatus^  and  the  shell  Pentamerug  oblonguSj  and 
the  absence  of  an j  Lower  8ilarian  rocks  or  fossils  in  the  whole  of 
the  known  Polar  regions,  Sir  Roderick  inferred  that  the  whole 
district  north  of  the  Lanrentaan  mountains  was  dry  land  during 
the  Lower  Silurian  period.  Li  the  area  to  the  south,  and  in  the 
European  Lower  Silurians,  the  sea  was  eridentl  j  not  deep,  and  er^i 
in  Upper  Silarian  times  the  depth  was  not  very  great,  as  evidenced 
by  the  presence  of  Pentamerus,  which  in  North  America  is  borne 
out  by  Sir  William  Logan's  discovery  that  the  Silariau  limestones 
of  Lake  Temiscamang  include  enormous  blocks  of  sandstone,  on 
which  they  rest. 

Dr.  Conybeare  appears  to  have  been  the  first,  in  his  Report  on 
Geology  to  the  British  Association,  1832,  to  have  noticed  the 
similarity  of  the  fossils  from  the  Arctic  Regions  to  those  of  the 
English  Upper  Silarian  series.  Mr.  Salter,  after  a  minute  examina- 
tion of  the  specimens  brought  back  by  the  various  expeditions, 
found  that  though  many  species  found  at  Wenlock,  Dudley,  and 
in  Gothland,  occur  in  the  Arctic  Regions,  the  facies  of  the  forms 
is  rather  American  than  European. 

From  the  rocks  and  fossils  brought  from  the  Arctic  Archipelago 
by  Sir  Leopold  M^Clintock,  and  placed  in  the  Museum  of  the  Royal 
Dublin  Society,  Dr.  Haughton  was  enabled  to  draw  up  a  geological 
map  of  the  group  of  islands,  which  I  have  taken  as  the  basis  of 
that  exhibited  this  evening. 

Silurian  limestones  occupy  the  south  of  North  Devon,  and 
nearly  all  the  islands  south  of  Melville  and  Lancaster  Sounds,  in- 
cluding the  south  of  Banks'  Land,  Prince  Albert's  Land,  Prince 
of  Wales'  Land,  King  William's  Island,  North  Somerset,  Boothia 
Felix,  &o.  The  limestones  of  Boothia  are  chalky,  and  without 
fossils  ;  those  of  Prince  of  Wales'  Land  are  fossiliferous,  and  over- 
laid by  bright  red  fernigiuous  limestone,  interbedded  with  bright 
red  sandstone,  resembling  those  of  Transition  Valley  in  North 
Somerset.  The  base  of  the  Silurian  in  the  latter  district  consists 
of  rod  sandstone  and  coarse  grit  (resembling  those  of  Cape 
Warrcnder  and  Wolstonholme  Sound),  overlaid  by  ferruginous 
limestones    with   quartz   grains,  pale-cream>coloured  limestones 
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dipping  5®  lo  the  N.N.W.,  forming  the  terraced  arrangement  so 
characteristic  of  all  limestone  districts,  the  effect  of  weathering  on 
soft  shales  and  hard  limestone  heing  well  shown  in  Parry's  ^*  First 
Voyage,"  where  a  sketch  is  given  of  Port  Leopold,  by  Beechey. 

Dr.  Hayes  obtained  13  species  of  fossils  from  the  cliffs  of  Lady 
Franklin  Bay,  and  Cape  Frazer  in  Grinnel  Land,  in  lat.  81°  35'  N., 
long.  70°  W.,  which  were  identified  by  Prof.  Meek  as  Upper  Silurian 
species  belonging  to  the  fauna  found  in  the  New  York  Catskill 
6haley  Limestone,  of  the  Lower  Helderberg  group.  Some  of  the 
species,  however,  were  new  to  science,  as  Zaphrentis  Haysii^  Meek, 
and  Loxonema  Kanei^  Meek. 

One  of  the  most  nortbem  promontories  of  Grinnel  Land  is  named 
after  the  late  Sir  Roderick  Murchison,  who,  commenting  on  the 
collections  brought  from  the  Arctic  Archipelago  by  Parry,  Franklin, 
Ross,  Back,  Austin,  Ommaney,  the  expeditions  sent  by  Lady  Frank- 
lin, particularly  those  of  Penny  and  Inglefield,  and  by  the  expe- 
dition under  Sir  E.  Belcher,  endorses  the  results  arrived  at  by  Mr. 
Salter,  that  the  species  exhibited  have  an  American  rather  than  an 
European  facies.  These  Upper  Silurians  of  Grinnel  Land  appear 
to  continue  across  Hall  Basin  to  Hall  Land,  from  which  Dr.  Emil 
Bessels,  the  Naturalist  of  the  American  Polaris  Expedition  under 
the  .late  Captain  Hall,  and  who  had  previously  served  in  the 
Prussian  Polar  Expedition,  collected  a  number  of  fossils.* 

At  Dundas  Island,  in  lat  76°  15'  one  of  Capt.  Penny's  crew 
found  a  Silurian  trilobite  and  preserved  it,  tied  in  his  shirt,  when 
the  boat  had  to  be  abandoned,  and  a  retreat  effected.  Tbe  presence 
of  Silurian  rocks  at  a  point  so  far  north,  and  of  sandstones  at 
Wolstenholme  Sound,  appears  to  render  it  probable  that  the  E.N.E. 
strike  of  the  Carboniferous  strata,  with  the  overlying  Liassic 
patches,  is  cut  off  eastward,  and  the  Silurian  rocks  surround  them 
in  a  basin-like  form,  an  E.N.E.  synclinal  running  through  Prince 
Patrick  Island  towards  Hayes  Sound.  Detailed  examination  of 
the  West  Coast  of  Smith  Sound  and  Kennedy  Channel  will  have 
great  geological  interest,  as  it  will  prove  whether  such  a  synclinal 
exists,  and  if  so,  whether  the  Carboniferous  rocks  are  brought  in 
by  it,  and  whether  the  Lower  Coal-bearing  measures  arepresenton 
both  sides  of  it,  and  in  what  manner  they  rest  on  the  Silurians  of 
Grinnel  Land. 

*  For  calling  my  attention  to  these  observations,  I  have  to  thank  Captain 
Feilden,  B.A.,  Naturalist  of  the  senior  ship  of  the  British  Arctic  Expedition. 
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The  Upper  Silurian  rocks  of  Banks'  Land  are  overlain  hy  close- 
grained  sandstone,  striking  N.E.  and  E.N.E.,  with  their  coal 
seams.  These  were  first  discovered  by  Parry  in  the  groap  of 
islands  named  after  him  ;  the  fossils  from  this  series  are  similar  to 
those  of  the  Irish  Calp  series  and  the  Eifel,  and  forms  the  ''  Ursa 
Stage"  of  Heer.  The  sandstones  are  close-grained  and  white,  and 
with  their  associated  coals  strike  across  MelviUe  Island,  and  Bath- 
urst  Island,  where  they  were  noticed  by  Austin  and  Belcher.  On 
the  south-east  corner  of  Melville  Island  several  seams  occar,  the 
coal  bums  with  a  bright  flame  and  much  smoke,  resembling  some 
of  the  gas  coals  of  Scotland. 

On  the  beach  of  North  Cornwall,  Belcher  found  granite  pebbles 
of  a  kind,  Dr.  Haughton  states,  not  occurring  in  any  other  part  of  the 
Arctic  Regions ;  and  inland  he  observed  ravines  consisting  of  sand- 
stone with  large  masses  of  clay-ironstone,  septaria,  and  lumps  of 
coal.  Considering  that  this  land  is  on  the  strike  of  the  limestones 
of  the  Carboniferous  age  of  Prince  Patrick  Island,  the  northern 
portions  of  Melville  Island,  Bathurst  Island,  and  Grinnel  Land,  and 
North  Devon,  and  that  Exmouth  Island,  in  Belcher  Channel,  con- 
sists of  limestone  dipping,  capped  with  Lias,  it  appears  probable 
that  the  sandstones  of  the  Ursa  Stage  of  the  southern  portions 
of  the  islands  just  mentioned,  are  of  similar  age  to  those  of  North 
Cornwall,  but  separated  from  them  by  a  synclinal  depression  filled 
with  Carboniferous  Limestone,  with  an  axis  ranging  E.S.E.  and 
W.N.W.,  of  older  date  than  the  deposition  of  the  Lias. 

Dark  ferruginous  shales,  clay -ironstone  and  coal  were  also 
brought  from  Buckingham  Island  (Victoria  Archipelago),  by  Sir 
Edward  Belcher,  and  Dr.  Haughton  states  they  closely  resemble 
those  from  Liddon  Gulf,  on  the  west  side  of  Melville  Island,  which 
would  appear  to  place  the  position  of  the  axis  between  this  island 
and  Exmouth  Island,  or  about  10°  north  of  west. 

In  Ohio  a  transition  between  the  Devonian  and  Carboniferous 
floras  takes  place,  but  in  Eastern  America  the  Lower  Carboniferous 
Coal  Measures  (Calciferous  Sandstone  of  Scotland),  lie  unconform- 
ably  on  the  Devonian. 

From  an  examination  of  the  fossils  from  the  rock  exposures  of 
the  Mackenzie  River,  between  Clearwater  River  and  the  Arctic 
Ocean,  Prof.  Meek  has  determined  these  rocks  to  be  of  Devonian 
age,  and  to  correspond  to  the  Hamilton  formation  and  Geneses 
slate  of  the  United    States.     From  the   Mackenzie  slates  many 
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new  corals  and  brocbiopods  were  obtained,  also  a  cephalopoda 
Gyoceras  Logani^  collected  by  the  late  Mr.  R.  Kennicott.  The 
slates  contain  brine  springs  and  petrolenm,  and  it  is  believed 
that  they  extend  from  Eock  Island,  Illinois,  to  the  Arctic  Sea, 
a  distance  of  2500  geographical  miles,  with  identical  fossils 
throughout  the  whole  of  the  tract,  proving  a  uniformity  of  con- 
ditions in  these  old  Palseozoic  times  prevailing  over  a  very  large 
area. 

It  appears  exceedingly  probable  that  the  coal- bearing  beds  of 
the  Arctic  Archipelago  are  a  continuation  of  these  rocks,  and  are 
referable  to  the  "  Ursa  Stage"  of  Heer,  who  believes  that  this 
stage  is  referable  to  the  Lower  Carboniferous  age,  from  the  fact 
that  not  a  single  species  of  the  Upper  Devonian  (7^/>m-shales  of 
Saalfeld  in  Thuringia,  exists  in  the  Bear  Island  flora,  which  is 
characterized  by  Calamites  radiatua^  Lepidodendron  Veltheimanum^ 
Knorria  acicularis,  and  Stigmana  JicoideSj  all  of  which  are  found 
in  the  Yellow  Sandstone  of  Kiltorkan,  and  should  the  latter  prove 
to  be  of  Lower  Carboniferous  age,  considering  the  persistence  of 
freshwater  genera,  the  occurrence  of  the  Old  Red  Sandstone  of 
Scotland  genera  of  fish  in  the  Kiltorkan  beds  is  not  remarkable. 
Should,  however,  fish  and  plant  remains  be  found  in  the  strata 
overlying  the  Upper  Silurians  of  the  Arctic  unknown  regions, 
their  specific  determination  or  that  of  the  associated  forms,  may 
be  expected  to  throw  much  light  on  the  vexed  question  of  the  exact 
position  of  the  line  of  demarcation  between  Devonian  and  Carbo- 
niferous. The  presence  of  Knonna  acidularis  in  the  Melville  Island 
flora,  is  a  link  between  the  flora  of  the  South  of  Ireland  and  that  of 
Bear  Island,  and  the  latter  is  undoubtedly  an  outlier  of  the  Lower 
Carboniferous  coal  tract  of  Russia.  Looking  to  the  fact  that  the 
rocks  yield  the  first  rich  flora  of  the  earth's  history,  and  to  the 
number  of  species  which  can  be  traced  both  in  the  old  world  and 
in  the  new,  from  47°  to  74°  and  76°  north  lat.,  there  is  evidence  of 
wide-spread  continental  conditions,  occupying  much  of  the  tem- 
perate, as  well  as  the  Arctic  zone,  over  which  continent  ran  large 
rivers,  tenanted  by  freshwater  mussels  (Anodonta),  and  neurop- 
terous  insects. 

From  the  plants  and  specimens  collected  by  Professors  Nord- 
enskjold  and  Malmgren,  in  Bear  Island,  the  following  classification 
of  the  rocks  of  the  island  has  been  established : — 

Millstone  Grit. — Siliceous  schists. 
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Mountain  Limestone. — ProductusAimeaioney  SptrtferAime^ 
stone  with  gypsum,  resting  on  Cyathophifllwn'hetamg  limestone, 
with  dole  rite,  possibly  the  equivalent  of  the  CarboniferooB  8hale 
of  South  Ireland. 

Ursa  Stage  of  0.  Heer. — Sandstones  with  shale  and  coal- 
searas.     All  the  beds  contain  coal-seams. 

Devonian. — Eussian  Island  Limestone,  red  shale. 

The  "  Ursa  Stage"  Prof.  Heer  correlates  with  the  Kiltorkan 
beds  in  Ireland,  the  Greywacke  of  the  Vosgesand  Southern  Black 
Forest,  and  the  Spirifera  Vemeuleii  shales  of  Aix,  and  the  sand- 
stones of  the  Arctic  Archipelago.  This  stage  he  regards  as  Lower 
Carboniferous,  the  base  of  which  he  considers  to  be  beneath  the 
Yellow  Sandstone  ;  but  Sir  Charles  Lyell,  from  the  fact  that  these 
sandstones  at  Durn  Den,  in  Fife,  and  in  the  County  Cork,  contain 
the  exclusively  Devonian  fish  Asterolepis  or  Olyptolepis^  belieTe 
these  deposits  to  be  Devonian,  which  opinion  Mr.  Carruthers  also  ex- 
pressed in  regard  to  the  plants  of  the  Irish  and  Bear  Island  deposits. 

The  subsidence  which  brought  in  the  deposition  of  the  Mountain 
Limestone,  and  the  existence  of  extensive  coral  reefs  equally 
affected  the  Arctic  Zone,  and  these  formations  are  well  represented 
in  the  islands  of  the  archipelago,  Spitzbergen,  and  Bear  Island. 
In  the  latter,  the  continental  conditions  expressed  by  the  European 
Millstone  Grit,  are  represented  by  the  schists,  during  this  period 
many  Ursa-stage  plants  still  lived  on  in  Europe,  proving  that 
islands  existed  covered  with  the  old  flora  throughout  the  whole  of 
the  time  occupied  by  the  deposition  of  the  Mountain  Limestone. 

It  is  clear  that  the  climate  of  these  Arctic  regions  must  have 
been  far  warmer  than  at  present,  even  if  the  darkness  of  the  long 
winter  nights  was  the  same  as  now,  for  Prof.  Heer  has  pointed  out 
that  the  leaves  of  the  evergreen  tree  Lepidodtndron,  and  the  large 
fronds  of  Cardiopteris  frondoao,  are  as  fully  developed  as  those 
from  the  South  of  Ireland  and  the  Vosges. 

The  hard  red  sandstone  of  IgalUko  and  of  the  fjord  of  Tnn- 
nudleorbik,  discovered  by  Dr.  Pingel,  the  geologist  attached  to  the 
Danish  Expedition  of  1828,  in  lat.  61^  N.  in  South-west  Green- 
land, is  believed  to  be  of  Devonian  age,  the  rock  consists  of  fused 
quartz  particles.  This  is  probably  the  same  bed  as  that  obsenred 
in  the  last-mentioned  locality,  by  Prof.  G.  C.  Laube,  the  geologist 
attached  to  the  second  German  North  Polar  Expedition,  who  des- 
cribes the  red  sandstone  as  associated  with   AmphiboliU^  and  a 
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large  area  of  homblendic  granite,  with  a  narrow  belt  of  zircon 
granite  intervening  between  it  and  the  sea. 

The  first  discoverj  of  Lias  fossils  in  these  high  latitudes,  was 
that  by  Lieut.  Anjou,  of  the  Russian  Navy,  in  New  Siberia,  on  the 
north  coast  of  Asia,  in  74*^  N.  lat.,  described  by  Wrangel.  The 
fact  appears  to  have  remained  unnoticed  until  Belcher's  discovery 
of  a  patch  of  Lias  on  Exmouth  Island  (77°  N.  lat.,  and  95°  W. 
long.).  The  base  of  this  island  is  soft  sandstone,  overlaid  by  Car- 
boniferous Limestone,  dipping  west  at  7°,  containing  Zaphrentis, 
Spirifer  Keilhavii.  Besting  on  this,  at  a  height  of  570  feet  above 
the  sea,  occurs  the  Lias,  in  which  Belcher  discovered  the  ribs  and 
vertebras  of  an  IcthyoaauruSj  stated  by  Prof.  Owen  to  be  near  to 
Icthyosaurua  acutua  of  the  Whitby  Lias.  From  this  island,  and 
from  Table  and  Princess  Islands,  between  North  Cornwall  and 
North  Devon,  and  from  Depot  Point,  on  the  north  coast  of  the 
latter  a  large  number  of  other  Lias  fossils  were  obtained  by  Sir 
Edward  Belcher  in  1855,  which  were  described  by  Mr.  Salter. 

Another  remarkably  fossiliferous  patch,  resting  on  Carboniferous 
Limestone,  has  since  been  discovered  at  Point  Wilkie,  in  Prince 
Patrick's  Island.  Lias  resting  on  Carboniferous  Limestone  with 
ferruginous  and  siliceous  grits  also  occurs  at  Eglinton  Island, 
between  Prince  Patrick's  and  Melville  Island.  A  large  number  of 
Lias  fossils  have  been  brought  to  England  by  Sir  Leopold 
M'Clintock  and  the  late  Admiral  Sherard  Osborne,  including 
Ammonite  Maclintockii,  of  Haughton.  Point  Wilkie  (Prince 
Patrick's  Land,  76°  20'  N.  lat.,  117°  20'  W.  long.),  consists  of 
Carboniferous  limestones  and  sandstones,  with  bands  of  chert, 
believed  by  M'Clintock  to  be  of  the  same  age  as  those  of  Melville 
Island,  for  at  Point  Wilkie  these  are  overlaid  by  reddish  limestone 
with  casts  of  shells,  amongst  which  Dr.  Haughton  determined 
Ammomtea  Macclintockii,  Alonotia  aepientrionaliay  and  other  Liassic 
forms. 

In  East  Qreenland  occur  Jurassic  marls  and  sandstones  on  the 
east  and  south  side  of  Kuhn  Island.  Calcareous  sandstones,  with 
organic  remains,  are  found  on  the  south  coast  of  False  Bay ;  the 
sandstones  are  coarse  and  alternate  with  shell-breccias  with  coal- 
seams, — the  whole  series  rest  on  the  Crystalline  rocks,  which  form 
a  high  ridge  with  glaciers.  The  finer-grained  Jurassic  sandstones 
contain  casts  of  Goniomya  v-acripta  (Sow.),  Oatrea^  Myacitea  sp., 
and  are  possibly  the  equivalents  of  the  carbonaceous  Jurassics  of 
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Brown,  Mull,  and  Sky— "  Middle  Dogger"  (7).  In  the  sand- 
stones of  the  sonthern  coast  of  False  Bay  occurred  a  Rhynchonella 
perfectly  agreeing  with  Bht/nchonella  Jiaaicoatata^  Saess,  a  cha- 
racteristic RhsBtian  form;  the  hrown-KX)al  occurred  associated 
with  these  rocks.* 

It  is  remarkable  that  the  Jurassics  on  the  east  coast  of  Eabn 
Islands  contain  a  fauna  very  nearly  allied  to  the  Russian 
Jurassics,  containing  the  characteristic  genus  Aucella^  which  is 
frequent  in  all  the  Russian  Jurassics,  from  the  Lower  Volga  to  the 
mouth  of  Petschora,  and  is  represented  in  Spitzbergen  by  the 
species  A,  Moaquenaia.  The  western  limit  of  this  genus  is  the  east 
coast  of  Euhn  Island,  where  five  varieties  of  A,  concentrica  are  con- 
nected by  intermediate  forms.  Other  fossils  occurring  here  are  Am- 
monttea  periaphinctea^  Payeri  (a  very  highly  involute  form),  BeUm- 
nitea  Panderianua^  D'Orb.,  B.  ahsolutua^  Fisch.,  and  a  Cyprina. 

In  Spitzbergen,  Professor  Nordenskiold  has  described  a  series  of 
rocks  1500  feet  in  thickness  as  being  of  Triassic  age :  they 
consist  of  black  bituminous  shale,  stratified  hyperite  limestone, 
bone  beds,  and  sandstones.  The  analogy  of  these  deposit*  to  the 
European  Rhsetic  and  Lias  is  at  once  apparent,  and  is  borne  out  by 
the  occurrence  in  these  rocks  of  Icthyoaaurua  polaria,  Hulke,  Ickt, 
Not'denakiceldii,  Hulke,  and  Hybodua  Spitzbergenaia,  named  and 
described  by  Mr.  J.  W.  Hulke,  F.R.S.,  and  still  further  supported 
by  the  association  of  these  reptiles  and  fishes  with  ammonites. 
Over  these  rocks  occur  another  1200  feet  of  Jurassic  deposits,  con- 
sisting of  shales,  limestones,  and  sandstones,  giving  at  Mount 
Agardh  the  thickness  named. 

The  Aiane,  or  Upper  Greenland  Cretaceous  beds  of  Nordensk- 
jold,  occur  on  the  southeni  side  of  the  Noursoak  peninsala, 
between  Atanekerdluk  and  Atane.  Dicotyledonous  leaves  occur, 
one  being  very  near  to  the  species  Magnolia  altemanay  Heer,  from 
the  Upper  Cretaceous  of  Nebraska :  these  do  not  occur  in  the 
lower  or  Eome  strata,  and  appear  to  point  to  a  '^  limit  fauna  '* 
occurring  in  the  Arctic  Cretaceous  beds,  corresponding  to  that 
found  in  the  bluropean  Gault,  in  which  dicotyledonous  plants  make 
their  first  appearance  in  Europe.  To  the  Atane  beds  belong  the 
thick  coal  of  Atane,  750  feet  above  the  sea,  the  Ritenberg  coal  of 
Eudliset,  and  the  retinite  beds  of  Hare  Island. 

*  Zweiter  Band,    Wissenscbaftliche   Eryebuisse.      Zweite    Abtheilon^. 
Leipzig,  1874. 
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Three  analyses  of  the  coals  from  Disco  are  recorded,  but  whether 
of  Cretaceous  or  Miocene  age  I  do  not  know.  No.  1  is  by  Professor 
Fyfe,  of  Aberdeen  ;  No.  2,  by  Mr.  Keates,  of  London ;  and  No. 
8,  by  Professor  H.  Wurtz,  from  a  specimen  brought  by  the  U.S. 
steamer  Juniata,  in  1873  : — 

I.  II.  III. 

Gaseous  or  volatile  matter   ...     44*45  60*60  35*88 

Moisture    '76  ...  1400 

Sulphur 'SS  ...  trace. 


Ck)ke 


(Fixed  Carbon   47*75  87*86  41*79 


]A8h   5-50  9*54  8-33 

10000  100*00  100*00 

Specific  Gravity 1*369  1*384 

The  coke  is  non-caking  and  useless. 

The  basalts,  ferruginous  clays,  sandstones,  and  brown-coal  of 
Disco  Island  were  ifirst  described  by  Sir  Charles  Giesecke,  F.R.S., 
in  the  "  Transactions  of  the  Royal  Society  of  Edinburgh  '*  for 
1874.  The  later  researches  of  Professor  Nordenskjold  and  Dr. 
Brown  have  conclusively  proved  these  basalts  to  be  all  of  Miocene 
age,  and  deposited,  according  to  Nordenskjold,  in  the  form  of  yolcanic 
ash  and  sand,  since  consolidated  by  pressure,  which  has  caused  the 
rock  to  assume  a  crystalline  structure.  Associated  with  the 
basalts  are  thick  beds  of  clay,  which  at  Atanekerdluk,  at  a  height 
of  1000  to  1200  feet  above  the  sea,  yield  a  vast  number  of  plant 
impressions.  The  strike  of  the  strata  corresponds  to  the  direction 
of  Waigat,  across  which  it  extends  to  Disco  Island,  where  it  forms 
the  east  coast  as  far  as  Godhavn,  consisting  of  sand-hills  2000  to 
3000  feet  in  height,  with  their  horizontal  bands  of  coal,  and  erect 
bitumenizcd  trees.  No  coals  of  economic  value  appear  to  occur  in 
these  Lower  Miocenes,  which  rest  directly  on  coal-bearing  Atane 
strata ;  above  these  plant-bearing  Lower  Miocene  clays  and  soft 
sandstones  occur  several  thousand  feet  of  basalt,  on  which  rest  the 
higher  coal-bearing  strata  of  Ifsorisok  and  Assakak  of  Middle 
Miocene  age,  the  coals  cropping  over  on  the  tops  of  the  high 
fells. 

Professor  Nordenskjold  found  the  Greenland  meteorites,  spread 
over  an  area  of  two  hundred  square  miles  in  the  south-west  comer 
of  Disco,  to  occur  both  in  areas  occupied  by  granite  and  gneiss, 
and  that  consisting  of  basalt,  which  latter  he  found  to  often 
contain  fragments  of  the  meteorites,  which  must  have  fallen,  or 

E    E 
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been  forced  into  cracks,  before  the  basalt  tufif  was  consolidaiedy  and 
must,  therefore,  have  taken  place  daring  Miocene  times.  The 
large  meteorite  in  the  British  Museum  from  this  locality  weighs 
about  87  kilogrammes,  while  the  largest  observed  by  Nordenskjold 
probably  weighed  no  less  than  21,000  kilogrammes. 

Nauckhoff  analysed  ten  rocks  from  Ovifak,  and  fonnd  the 
basalt  to  be  of  a  compact  greyish-green  colour,  composed  of 
felspar  (anorthite)  penetrating  magnetite,  angite,  and  iron,  the 
mass  containing  49*18  per  cent,  of  silicic  acid.  Tschermsk 
describes  the  augite  as  of  a  light  green  tint,  and  as  filling  in  spaces 
between  other  materials,  the  felspar  crystals  being  transparent,  and 
filled  with  some  transparent  substance  ;  and  he  compares  the  Ovifak 
rocks,  with  the  meteorites  of  Juvinas,  St.  Petersburg,  and  Stannera. 
Dr.  Flight,  who  quotes  these  authors,  further  compares  them 
with  the  old  augite  and  anorthite  lavas  of  Java,  Iceland^  and  the 
Eifel. 

Amongst  the  specimens  brought  from  £affin*s  Bay  by  Captain 
Ross  were  several  implements,  or  fiat  stones,  composed  of  por- 
phyritic  greenstone,  used  by  the  natives  of  the  Arctic  Highlands  in 
cutting  off  masses  of  iron  from  a  mountain  called  '^  Sowallick,*' 
twenty-five  miles  inland  from  Cape  York,lat.  76°12'N.,  long.  53^  W. 
This  iron  Dr.  Wollaston  estimated  to  contain  between  3  and  4  per 
cent,  of  nickel,  and  Mr.  Fyfe  found  in  it  2*56  per  cent.,  from  which 
they  believed  it  to  be  of  meteoric  origin.  It  occurred  to  Captain, 
now  Sir  Edward  Sabine,  that  these  masses  of  iron  were  of  meteoric 
origin,  and  knives  made  of  it,  given  to  Sir  Joseph  Banks,  were 
examined  by  Mr.  Brande,  and  found  to  be  free  from  rust,  and  to 
have  the  peculiar  silvery  appearance  of  meteoric  iron  and  to  contain 
more  than  3  per  cent,  of  nickel. 

Prof.  Kordenskjold  comments  on  the  complete  agreement  be- 
tween the  character  of  the  basalt  from  West  Greenland  and  the 
British  Isles,  and  the  certainty  of  the  identity  of  the  geological 
age  of  the  two,  and  suggests  that  a  continuous  tract  of  this  forma- 
tion, extends  across  Greenland  to  the  cliffs  on  the  cast  coast, 
from  which  Scoresby  obtained  his  plant  impression,  and  from  which 
the  last  German  Expedition  brought  back  basalts  and  Miocene 
plantij  coeval  with  those  of  Disco,  thence  by  way  of  Jan  May  en  to 
Spitzbergcu,  and  from  Jan  Mayen  by  the  Faroe  Islands  to  the 
Hebrides  and  Ireland  ;  and  also  suggests  that  this  line  marks  a  yol- 
canic  mountain  chain,  which  limited  the  Miocene  Polar  Continent,  in 
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tbe  way  that  similar  chains  now  fringe  the  western  coast  of  America, 
and  the  eastern  coasts  of  Asia. 

The  observations  of  Lieut.  Julius  Payer  and  Dr.  Copeland  in 
East  Greenland,  and  the  report  on  the  specimens  brought  by  them 
from  that  coast  between  lat.  73*^  and  76°  N.,  and  reported  on  by 
Dr.  Fr.  Toula,  is  of  great  interest  as  bearing  on  this  question. 
Crystalline  rocks,  sometimes  associated  with  fine-grained  gneiss, 
constitutes  the  greater  part  of  the  coast  and  the  inland  mountains 
observed.  Tlie  coast  is  cut  back  into  deep  fjords  extending  far  in- 
land, at  the  mouth  of  which  are  a  group  of  islands,  some  of  which, 
as  Shannon  Island,  are  of  volcanic  origin,  while  in  others  various 
Mesozoic  and  Tertiary  formations  are  associated  with  the  crystalline 
rocks,  or  rather  rest  upon  them. 

The  Basalts  extend  along  a  line  ranging  N.E.  to  S.W.,  begin- 
ning on  Shannon,  and  continuing  through  Sabine  and  Pen- 
dulum Islands — the  protruding  peninsula  between  False  Bay  and 
the  Tyrol  Fjord,  the  eastern  side  of  Clavering  Island  and  Jackson 
Island,  as  far  as  the  coast  between  this  island  and  Capes  Broer 
Ruys  and  Franklin.  The  basalts  are  both  of  the  dolerite  and 
anamesite  (genuine  peridotic)  groupsof  these  rocks,  and  occasionally 
basalt  tufifs  occur,  with  zeolites  and  double  refractive  calcite. 
The  basalt  is  described  by  Payer,  as  forming  immense  plateaux 
capping  the  hills ;  it  will  be  noted  that  a  prolongation  of  the 
direction  of  these  basalts  across  Greenland,  emerges  on  the  west 
coast,  precisely  where  the  basalts  of  Disco  are  found. 

The  Miocene  Beds  exist  at  the  base  of  the  crystalline  ridge  from 
the  south  end  of  Hochstetter's  Foreland  to  the  south  of  Cape  Seebach, 
rising  to  a  height  of  300  to  500  feet.  Overlying  the  rocks  of  the 
Ursa  Stage  of  Spitzbergen,  are  the  Miocene  Beds,  which  have 
yielded  so  rich  a  fauna  and  flora  to  the  various  expeditions  which 
have  visited  them.  At  King's  Bay  a  lime  {Tilia  walmneni)^  a 
juniper,  and  an  arborvita  [Thuitea  Ehrenswaerdi)  occur — many 
of  the  species  occur  in  West  Greenland — and  two  of  them  were 
found  by  Lieut.  Payer,  in  the  fossiliferous  marls  of  the  Germania 
Mountains  in  Sabine  Island,  East  Greenland,  viz.,  Saxodium 
distichum,  and  Populus  Arctica.  It  is  worthy  of  note,  that  at  the 
present  time,  firs  and  poplars  grow  in  an  area  15°  further  north 
than  plane  trees ;  so  that  assuming  the  former  to  have  reached 
their  northern  limit  in  Spitzbergen,  in  lat.  79°,  the  latter  may 
have  grown  provided  there  was  land,  as  far  north  as  the  Pole. 
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Lieut.  Payer  states  that  the  newly  discovered  Frantz-Joseph 
Land  equals  Spitzbergen  in  extent,  consisting  of  several  great 
masses  of  land,  separated  by  Austria  Sound.  Broad  horizontal  sheets 
of  dolerite,  identical  with  that  of  North-East  Qreenland,  form 
steep  table  mountains.  The  rocks  in  the  north  are  coarse-grained, 
and  contain  nepheline ;  those  in  the  south  are  appanitic  in  their 
structure,  and  pass  into  true  basalt,  the  mountains  here  being 
about  5000  feet  high,  while  those  in  the  north  only  attain  2000^to 
8000  feet.  Tertiary  sandstone,  with  brown-coal,  occars,  so  pro- 
bably the  basalts  may  be  of  Miocene  age.  The  depressions 
between  the  mountains  are  filled  with  gigantic  glaciers,  which  form 
mural  precipices  on  the  coast  100  to  200  feet  in  height ;  the 
glaciers  were  found  to  be  characterized  by  their  greenish-blue 
colour,  the  paucity  of  crevasses,  the  coarse  grain  of  the  ice,  slow 
motion,  thickness  of  annual  layers,  and  the  small  development  of 
moraines.  Geographers  of  Petermann*s  school,  believe  the  abrupt 
mountainous  coast  of  East  Qreenland  trends  away  to  the  north- 
east, north  of  Parry's  furthest  point  of  Spitzbergen,  and  a  writer 
in  the  *'  Academy"  (Sept.,  1874),  has  suggested  that  in  Frans- 
Joseph  Land  may  be  the  eastern  termination  of  this  coast-line. 

The  Miocene  of  Spitzbergen  and  Franz- Joseph  Land  extended' 
probably  across  the  Polar  tract  itself,  for  on  the  banks  of  the  Mac- 
kenzie, we  find  Miocene  plants  and  coals,  described  by  Sir  John 
Richardson  as  associated  with  potter's  clay  and  sandstones,  while 
on  the  north  coast  of  Siberia,  the  so-called  Wood  Hills,  discovered 
by  Sirowatskoi,  in  1806,  are  stated  by  Wrangel  to  consist  of  hori- 
zontal beds  of  sandstone,  alternating  with  vertical  trunks  of  bita- 
minized  trees,  forming  a  bill  180  feet  in  height.  Amongst  the 
proofs  of  the  former  continuity  of  Miocene  land,  is  the  fact  of 
the  occurrence  in  Greenland  of  the  Japanese  genera  Glyptostrobus 
and  Thvjopais^  while  east  T,  EuropcBua  occurs  in  Europe,  both 
in  the  Baltic  amber,  and  at  Armissan  (Narbonne)  ;  associated 
with  it  are  American  forms,  which  Prof.  Goppert  has  pointed 
out,  are  species  which  are  found  associated  with  the  amber  pines 
of  the  tract  now  under  the  south-east  corner  of  the  Baltic. 

In  the  Upper  Miocene  beds  of  CEniugen,  North  American  types 
still  live,  amongst  them  is  a  vine,  four  palms  of  the  American  type, 
and  conifers  Sequoia  and  Taxodium,  The  palms,  both  of  the  European 
and  American  type,  and  other  exotic  forms,  are  found  to  be  absent 
in  the  Miocenes  of  the  northern  area,  proving  that  the  climate 
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became  cooler  in  advancing  northwards,  as  at  tbe  present  time ;  for 
through  the  enormous  expanse  of  continental  land,  the  climate  was 
much  more  equable  than  at  present.  There  is,  therefore,  no 
reason  to  believe,  from  the  absence  of  these  plants,  and  of 
bones  of  long-armed  apes  present  in  the  Miocene  of  Central 
Europe,  that  the  Lower  Miocene  is"  absent  in  the  Arctic  zone  ; 
and  from  the  determination  by  Prof.  Heer,  of  Cretaceous 
forms  in  the  Greenland  deposits,  it  is  probable  that  the 
continental  conditions  expressed  by  the  Miocene  of  Europe  and 
India,  had  commenced  in  these  Polar  regions  as  early  as  Cretaceous 
times.  Should  further  discoveries  of  freshwater  Cretaceous  and 
Miocene  deposits,  lying  in  the  hollows  of  the  older  rocks,  be  found 
in  the  northern  lands  visited  by  the  British  Arctic  Expedition,  it 
will  be  of  great  interest  to  see  how  far  southern  species  die  out  in 
advancing  to  the  present  Pole,  and  what  minimum  of  cold  the 
surviving  species  appear  to  indicate. 

The  Esquimaux  inhabitants  of  the  coasts  of  Arctic  America, 
from  Behring^s  Straits  to  Greenland,  speak  the  same  language  and 
use  similar  implements.     There  is  no  more  interesting  passage  in 
Prof.   Dawkins'  work    "  Cave  Hunting"  than  that  in  which  he 
compares  the  identity  of  type  of  those  implements  with  those  from 
Dordognc  and  other  parts  of  France  and  Belgium,  both  as  regards 
fowling  and  fishing  spears,  darts  and  arrows.   Their  likeness  extends 
to  the  actual  shape  of  the  base  of  insertion  into  the  haft,  the  haft 
being  formed  of  mammoth-ivory,  derived  from  the  frozen  cliffs,  of 
the  very  species  that  was  hunted  by  paleolithic  man  in  the  south 
of  France.     These  two  peoples,  separated  so  widely  in  time  and 
space,  were  alike  in  their  artistic  feelings  and  methods  of  incising 
on  tusks,  antlers   and  bones,  representations  of  familiar  objects; 
alike  also  in  their  habits  of  splitting  bones  for  marrow,  and  accu- 
mulating them  around  their  dwellings,  in  their  disregard  for  the 
sepulchre  of  their  dead,  in  their  preparation  of  skins  for  clothing, 
and  in  the  pattern  of  the  needles  used  in  sewing  them  together; 
alike  also  in  their  feeding  on  the  musk  sheep  and  the  reindeer,  and 
in  countless  other  characteristics.     It  is  well-nigh  impossible  to 
resist  Prof.  Dawkins'  conclusion  that  the  Esquimaux  is  the  des- 
cendant of  palaeolithic  man,  who  retreated  northwards  with  the 
Arctic  fauna,  with  which  he  lived  in  Europe;  though  before  the 
close  of  the  Glacial  Epoch  it  is  probable  that  a  continuous  land 
connection  existed  between  France  and  North  America,  by  way  of 
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Siberia  ;  RmaiDS  of  the  trae  hone  haTing  been  disoorered  a8Boci«ted 
with  Bium  priscmg^  and  the  mammoth  in  Arctic  America^  and  le- 
pretentations  of  the  hone,  bj  a  paleolithic  artist,  occarring  on  an 
antler  from  La  Madelaine,  and  the  entire  skeleton  of  a  horse  from 
a  paleolithic  station  being  preserred  in  the  Lyons  Mnseom. 


VISIT    TO    THE    MINEBALOGICAL    DEPARTMENT 

OF  THE  BRITISH  MUSEUM. 

March  18th,  1876. 

Director — Professor  N.  S.  Maskeltxb,  F.RS. 

DeM098TRATIOV   OX   THB   FeLDBPAKS   AND    M1CA8. 
(Report  by  W.  H.  Hudlesto!!,  Esq.,  H.A^  F.G.S.) 

The  Feldspars  are  prominent  in  granitic  districts,  such 
those  of  the  Land's  End,  where  prisms  and  square  masses  of 
orthoclasc,  or  potash  feldspar,  are  especially  to  be  noted.  In  their 
crystallography,  which  the  learned  Professor  declared  to  be  the 
bane  of  chemists,  althongh  there  are  many  points  of  contrast 
between  orthoclase  and  the  anorthic  feldspars,  they  possess  one 
feature  in  common,  viz.,  an  easy  cleavage  in  one  direction — the 
basal  cleavage.  The  second  system  of  cleavage  is  less  perfect 
and  presents  fewer  features  in  common,  but  taken  altogether  there 
is  a  certain  correspondence  with  respect  to  cleavage  and  general 
form,  though  one  individual  feldspar  belongs  to  the  oblique,  the 
rest  to  the  anorthic  system.  Usually  these  two  different  systems 
arc  not  comparable,  but  in  extraordinary  cases  we  may  compare 
them,  as  practically  some  of  the  angles  of  the  oblique  are  near  to 
those  of  the  anorthic  feldspars.  Thus  in  the  oblique  (orthoclase  or 
potash)  feldspar  the  angle  between  the  easy  and  the  second 
cleavage  is  a  right  angle,  or  90^;  whereas  in  the  anorthic  feldspars 
it  is  only  86^° :  the  prism  angle,  on  the  other  hand,  was  shown  in 
orthoclase,  belonging  to  the  oblique  system,  to  be  about  118^,  and 
that  of  albite,  belonging  to  the  anorthic  system  to  be  about  122^. 
Htill  the  two  belong  to  essentially  different  orders  of  symmetry, 
and  what  was  hero  shown  of  aU)ite  will  apply  to  all  the  other 
anorthic  feldspars. 

As  regards  twinning,  or  multiplication  of  the  crystal,  the 
feldspars  arc  acted  upon  in  accordance  with  a  certain  law.  In 
orthoclase  a  crystal  may  be  divided  symmetrically,  and  repeated, 
being  turned  round  a  certain  line,  as  it  were,  completely  through 
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an  angle  of  180^.  As  a  result  of  this  law,  in  manj  instances  a 
ciystal  is  repeated  as  though  reflected  in  a  mirror.  In  this  way  we 
have  both  salient  and  re-entering  angles,  for  it  must  not  be 
supposed  that  grooves  are  necessarily  anorthic,  as  ordinary  feldspar 
has  re-entering  angles  :  hence  we  have  striations  parallel  to  the 
mutual  intersections.  In  plagioclase,  t.^.,in  the  anorthic  feldspars, 
we  have  another  kind  of  phenomenon  :  the  twinning  here  is  by  thou- 
sands of  crystals  upon  thousands  of  crystals,  a  fundamental  turn- 
ing of  molecular  arrangement.  These  alternate  kinds  are  thus  in- 
terlaminated,  and  this  peculiarly  polarized  light  serves  to  orientate. 
On  the  cleavage  planes  of  a  specimen  of  oligoclase  exhibited,  the  re- 
flection from  successive  ridges  produced  by  this  internal  structure 
was  shown  to  be  one  of  the  characteristics  of  plagioclase  feldspar. 

In  their  chemical  composition  the  entire  group  are  combinations 
of  silica  and  alumina,  the  protoxide  base  varying  with  the  kind  of 
feldspar.  In  the  oblique  system  we  have  orthoclase  combined  with 
potash ;  in  the  anorthic  system,  albite  combined  with  soda,  and 
anorthite  (resembling  albite,  but  smaller)  combined  with  lime,  and 
this  contains  the  smallest  amount  of  silica.  1  hus  the  feldspars 
divide  themselves  chemically — the  potash  feldspars  are  oblique  or 
single  orthoclastic ;  the  soda  feldspars,  the  lime  feldspars  and  their 
mixtures,  anorthic  and  plagioclastic.  As  a  rule  those  which  contain 
the  most  alkali  contain  also  the  greatest  percentage  of  silica,  and 
occur  in  rocks  where  silica  is  in  excess.  In  the  two  great  divisions 
of  the  Rocks,  the  Acidic  and  Basic,  which  are  convenient  as 
meinoria  technica,  if  not  strictly  philosophic,  we  find  the  alkaline 
feldspars,  including  also  oligoclase,  associated  with  quartz  and  horn- 
blende, less  frequently  with  augite.  On  the  other  hand,  anorthite 
and  labradorite  are  not  found  in  regular  granite.  In  trachyte,  such 
as  that  of  the  Khine,  we  have  oligoclase  associated  with  sanidin 
(a  glassy  orthoclastic  feldspar).  Labradorite  is  essentially  the 
feldspar  of  the  hypersthenites  and  gabbros,  as  also  of  basalt  and 
phonolite  ;  but  it  is  not  in  all  cases  easy  to  determine  the  par- 
ticular plagioclase  feldspar.  As  regards  oligoclase  and  labradorite, 
they  have  been  regarded  as  intermediate  varieties ;  and  Tscbermak 
considers  that  there  are  only  three  true  feldspars,  viz.,  orthoclase, 
albite,  and  anorthite,  and  that  all  others  are  mixtures  of  these. 

The  Micas. — These  are  rock-building  minerals  of  great  im- 
portance, especially  in  gneiss  and  mica  schist,  where  they  occur 
frequently  associated  with  garnet.  Devoid  of  any  satisfactory 
chemical  formula,  the  group  has  long  been  the  bugbear  of  miner- 
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alogists.  They  are  silicates,  in  which  the  protoxide  base  is  chieflj 
an  alkali  or  magnesia,  never  lime  ;  those  that  occur  in  the  feld- 
spathic  rocks  are  richer  in  alkali.  Thns  muscoTite,  or  potash- 
mica,  occurs  in  granite  rocks,  whilst  biotite  and  phlogopite  (fierj 
face),  which  have  mostly  crystallized  from  cooling  lavas,  are  rich  in 
magnesia.  JStill  these  different  micas  shade  into  one  another,  and 
it  is  difficult  to  say  whether  such  are  mixtures  or  not.  In  the 
Plutonic  rocks,  or  those  that  have  crystallized  under  pressure,  the 
potash  micas  especially  occur.  They  are  sometimes  the  results  of 
pseudomorphism,  and  often  the  first  minerals  that  crystallize  out  of 
the  changing  mass  ;  thus  we  see  musco?ite  as  the  result  of  the 
decomposition  of  tourmaline.  In  the  old  lavas  of  Monte  Somma 
there  is  an  abundance  of  magnesia  micas.  The  group  seems  to 
have  the  faculty  of  crystallizing  with  great  ease,  and  the  crystals 
were  thus  able  to  take  up  from  the  ''  stew"  in  which  both  steam  and 
liquid  carbonic  acid  are  probably  present,  a  variety  of  substances 
thus  held  in  solution.  This  readiness  to  take  up  may  possibly 
serve  to  explain  their  complex  character. 

The  crystallization  of  the  micas  is  more  difficult  to  understand. 
They  all  have  this  feature  in  common,  viz.,  that  the  crystals  will 
split  up  like  the  leaves  of  a  book  into  plates  of  extraordinary  thin- 
ness, and  polished,  as  it  were,  to  the  hand.  What  is  the  primaiy 
form  ?  There  are  no  traces  of  the  lamellar  character  in  the  un- 
altered crystal.  So  difficult  is  it  to  decide  to  what  system  of 
crystallization  the  micas  belong,  that  a  particular  specimen,  to 
which  the  lecturer  drew  attention,  had  been  referred  to  the 
hexagonal  system  by  Yom  Bath,  and  to  the  prismatic  by 
Descloiseaux.  The  lecturer  was  disposed  to  concur  with  the  latter. 
Li  biotite  the  angle  is  almost  120°,  bringing  it  very  nearly  into 
another  system.  In  muscovite,  or  old  mic«,  the  prism  has  an 
angle  of  nearly  120°,  as  in  hornblende ;  and  in  this  way  it  simu- 
lates an  oblique  mineral :  thus  in  the  specimen  exhibited  there 
seems  to  be  two  oblique  faces,  but  these  are  really  prismatic 
Again  in  their  optical  characters,  as  displayed  under  the  polarizing 
microscope,  some  micas — as,  for  instance,  biotite — have  been  called 
uniaxial ;  but  this  is  really  because  the  axes  in  the  so-called  uni- 
axial micas  are  close  together,  yet  there  is  a  small  space  between 
them  ;  and  this,  in  conclusion,  the  learned  lecturer  proceeded  to 
demonstrate  by  experiment. 
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Before  ofiering  any  observations  on  the  fossils  and  rock-specimens 
from  South  Africa  in  the  Geological  Society's  Museum,  Professor 
Rupert  Jones  drew  the  attention  of  the  Members  of  the  Association 
to  several  maps  and  sections  of  the  country,  some  borrowed  from 
the  Society's  library,  and  some  brought  by  himself.  The  collection 
laid  open  before  the  audience  comprised  specimens  obtained  by 
numerous  observers* — Basil  Hall,  Herschel,  Bain,  Atherstone,  Ru- 
bi(ige,  Garden,  Sutherland,  Grey,  Rocke,  Stow,  Longlands,  Harvey, 
and  others,  in  various  districts  of  the  Cape  Colony,  and  Natal. 

The  slates  and  schists  of  the  south-western  extremity  of 
Africa  were  first  referred  to,  and  their  intrusive  granite.  These 
schistose  rocks  extend  northwards  into  Namaqualand,  and  east- 
ward to  George  and  the  Eastern  Province.  No  fossils  have  been 
detected  in  the  schists  of  the  maritime  districts  of  George, 
Swellendam,  Stellenbosch,  Western  Clanwilliam,  and  Namaqua- 
land; but  these  are  succeeded  inland  by  fossiliferous  schists, 
with  Devonian  fossils  in  abundance,  especially  in  t^e  Bokkevelde, 
and  at  intervals  from  the  'Warm  Bokkeveld  to  the  Zwartberg 
and  the  Kromme  Hills,  ending  in  Cape  St.  Francis,  also  in  the 
Coxcomb  Range  of  the  Great  Winterhoek  in  Uitenhage.  Great 
folded  quartzites  and  siliceous  schists  represent  this  formation  in 

*  List  of  works  treating  of  the  Geology  of  South  Africa  are  to  be  found 
in  the  Transact.  Geol.  Soc,  Ser.  2,  Vol.  vii.,  pp.  176,  177;  in  Dr.  E. 
Cohen's  **  Geological  and  Petrographical  Sketches  of  South  Africa,"  "  Neues 
Jahrbuch  fur  Mineralogie,"  &c.,  1874,  pp.  462,  463.  Some  other  references 
are  given  with  this  Report ;  and  other  papers  will  be  found  in  the  "  Geolo- 
gist," Vol.  iv.,  1861,  p.  238;  Vol.  v.,  1862,  pp.  47,  66,  and  366;  "Geological 
Magazine,"  Vol.  ii.,  p.  274;  iii.,  p.  88  ;  v.,  pp.  201,  668;  vi.,  p.  208;  viii.,  p. 
49 ;  "  Popular  Science  Review,'*  Vol.  x.,  p.  169;  "  Eastern  Province  Maga- 
zine," 1856,  p.  7 ;  "  Eastern  Province  Monthly  Magazine,"  Vol.  i.,  p.  187, 
456,  518,  580 ;  "  Cape  Monthly  Magazine,"  Vol.  v.,  p.  65  ;  id.,  Vol.  vii.,  p.  1  ; 
Wy ley's  "Reports,"  1856  and  1859;  "Annales  dcs  Mines,"  Ser.  5,  Vol. 
viii. ;  Dunn's  *'  Notes  on  the  Diamond-fields,"  8vo.,  Cape  Town,  1871 ; 
Quart.  Joum.  Geol.  Soc.,  Vol.  xi.,  pp.  1,  453,  465,  532,  641 ;  xii.,  p.  237 ; 
xiii.,  p.  233 ;  xv.,  p.  193,  196,  555,  642 ;  xvi.,  p.  49  ;  xxi.,  p.  439;  xxiii.,  pp. 
1.139;  XXV.,  p.  169;  xxvi.,  p.  616;  xxvii.,  pp.  35,68,497,628  j  xxviii., 
pp.  3,  21,  28;  XXX.,  pp.  64,406,  681;  xxxi,pp.  106,  629. 
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the  Zuurberg  of  Somerset  and  Albany,  and  may  be  a  development 
of  the  narrower  band  of  siliceous  schist  at  Ceres  (accepting 
Rubidge's  interpretation  of  the  section)  on  the  extreme  west. 
Near  Port  Elizabeth,  in  Uitenhage,  the  quartzose  strata,  inter- 
calated with  the  argillaceous  beds,  have  resisted  the  process  of 
cleavage,  whilst  their  softer  associates  have  been  rendered 
schistose,  with  cleavage  at  various  angles ;  and  thus  the  broad 
folds  and  arches  of  quartzite,  coming  to  the  surface,  have  remained 
as  a  relatively  flat,  hard  capping  to  the  hills,  which  are  mainly 
formed  of  more  or  less  vertical  schists.  The  original  undulating 
lines  of  stratification  in  the  latter  are  often  obliterated  by  cleavage, 
the  obscure  oblique  traces  of  fossils  alone  remaining  as  evidence 
of  the  real  bedding.* 

Fossil  plants  and  coal  accompany  the  Devonian  Schists  of  the 
Gape  Colony  at  Swellendam,  Riversdale,  and  elsewhere,  especially 
at  the  mouth  of  the  Kowie  in  Albany.  It  is  quite  possible,  in 
accordance  with  the  late  Dr.  Rubidge*s  view,  that  the  whole  mass  of 
schists  forming  this  great  southern  portion  of  the  region,  120  miles 
broad  at  the  Cape,  and  60  in  the  Eastern  Province,  where  it  is  cut 
off  by  the  sea,  is  of  Devonian  age.  Whether  the  Kowie  coal-beds 
belong  to  this  Devonian  series,  or  overlie  it  and  bi*long  to  the  Car- 
boniferous, is  not  clear.  At  no  other  place  along  the  norchemmost 
edge  of  these  Devonian  schists  are  any  coal-measures  yet  known. 

Overlying  the  schists,  throughout  a  great  part  of  the  region  above 
indicated,  are  massive  sandstones  and  quartzites,  forming  hills  and 
mountain- ranges  of  great  extent.  Table  Mountain,  overlooking 
Cape  Town,  consists  of  this  sandstone,  resting  on  denuded  schists 
and  granite,  and  presenting  a  typical  example  of  this  flat-bedded 
rock,  which  once  extended  far  north  and  east,  but  has  been  reduced 
to  long  narrow  ranges  by  the  destructive  action  of  water,  and  pos- 
sibly ice.  No  fossils  have  been  found  in  this  great  sandstone  for- 
mation in  the  Cape  Colony  ;  but  Mr.  Griesbach  found  a  few  obscure 
shells  in  a  shale-beJ  of  the  **  Table  Mountain  Sandstone  "  in  Natal, 
where  he  recognised  it  as  holding  the  same  relative  position  with 
regard  to  the  schists  and  granite  below  as  it  holds  at  the  Cape. 

Immediately  north  of  the  Devonian  schists,  and  succeeding  in 
geological    sequence   all  along   a  line  nearly   parallel   with  the 

*  A  section  of  partially  cleaved  rocks  in  Pembrokeshire,  illnstrative  of 
the  relationship  of  nearly  horizontal  sandstone  to  nearly  vertical  schists,  is 
g^ven  by  De  la  Beche,  in  the  *'  Memoirs  of  the  Geological  Survey  of  Great 
Britain,"  Vol.  i.,  p.  226. 
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coast,  and  reaching  at  least  from  Clanwilliam  (on  the  west),  at 
about  100  miles  inland,  to  the  sea  in  the  Eastern  Province,  near 
the  Great  Fish  River,  is  a  remarkable  band  of  rock,  which  in 
most  places  has  a  veritable  volcanic  aspect,  consisting  of  some 
kind  of  dioritic  matrix,  with  included  blocks  and  small  fragments 
of  quartz,  granite,  schist,  and  other  rocks.      This,  the  ^^Trap- 
breccia'*  of  some  geologists,  attains  a  thickness  of  five,  or  even 
eight  hundred  feet.     At  places  it  appears  to  be  a  hardened  trap- 
ash  with  numerous  rounded  and  angular  fragments  of  older  rocks 
(Wyley).     Mr.   G.  A.  Bain  regarded  this  rock  as  a"claystone- 
porphyry,"  from  its  local  aspect.      Amygdaloidal  at  some  spots, 
and  basaltic  at  others,  where  seen  by  Dr.  Atherstone  in  the  Cape 
Colony,  it  has  quite  a  different  appearance  in  Natal,  where  Dr. 
Sutherland  and  Mr.  Griesbach  have  described  it  as  a  Boulder-clay. 
In  the  Eastern  Province  the  late  Dr.  Rubidge  looked  on  this  rock 
as  being  metamorphic.     Here  it  exhibits  several  parallel  outcrops, 
which  both  Bain  and  Rubidge  considered  to  be  the  result  of  great 
folds,  conformable  with  the  folding  of  the  older  quartzites  of  the 
Zuurberg.    The  latter  (1,000  feet  thick)  are  of  Carboniferous  age, 
according  to  Bain  and  Wyley,  but  Devonian  if  we  follow  Rubidge. 
The  occurrence  of  real  Boulder-beds  in  India  under  strata  equiva- 
lent to  the  Karoo   formation   supports   the  hypothesis   of    the 
sedimentary  origin  of  the  South- African  *^  Breccia ;  "  but  in  some 
places  of  the  latter  country  it  may  really  present  a  decomposed 
condition  of  a  trap-breccia,  and  thus  only  simulate  a  Boulder-clay ; 
whilst  at  other  places  the  disturbances  that  broke  up  the  rocks,  to 
make  the  breccia,  may  not  have  been  accompanied  by  volcanic 
phenomena.      Both  below  and  above  the  trap-breccia  are    dark 
shales,    with   obscure   plant-remains,   the  Lower  (800  feet)  and 
Upper  (1,200  feet)  "  Ecca  beds."     The  Lower  set  is  supposed  to 
be  of  Devonian  or  Carboniferous  age ;  whilst  the  Breccia  and  the 
Upper  Dark  Shales  are  referred  to  the  Karoo  Series  above. 

This  vast  Karoo  formation,  next  succeeding,  is  of  great 
interest.  It  covers  200,000  square  miles,  and  more,  of  South 
Africa,  from  N.  lat.  35°  northwards,  and  from  E.  long.  19  45° 
eastwards.  These  strata  are  horizontal  (slightly  inclined  on  their 
southern  verge),  and  are  traversed  and  overlain,  but  not  much 
disturbed,  by  frequent  trap-dykes.  The  lowest  division  of  the 
Karoo  formation,  next  above  the  Ecca  Beds,  comprises  the 
"  Koonap   Beds  "    (1,500  feet),  having  a  comparatively  narrow 
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outcrop  north  of,  and  parallel  with,  that  of  the  Ecca  Beds  and  the 
Breccia,  and  concentric  therewith.  Next  are  the  "  Beaofort 
Beds  "  (1,700  feetj,  on  which  stand  both  Beanfort  West,  north  of 
Prince  Albert,  and  Fort  Beaufort  on  the  east.  The  denudation 
of  these  horizontal  Beanfort  strata  forms  a  very  broad  exposure 
north  of  and  within  the  Koonap  outcrop,  and  reach  up  to  the 
Colesberg  district.  To  the  west  and  north  of  this,  the  lower 
series  of  Karoo  shales  and  sandstones  are  more  or  less  exposed, 
until  they  end  against  the  old  rocks  of  the  Kalahari  Desert  and 
Qriqualand-West  (Stow) ;  but  on  the  east  they  are  sarmounted  by 
the  remnant  of  the  uppermost  or  "  Stormberg  *'  portion  (1,800 
feet)  of  the  Karoo  series ;  and  these,  with  their  trap-rocks,  form 
the  top  of  the  Drakensberg  or  Quathlamba  range  (11,000  feet), 
overlooking  Natal,  and  resting,  as  a  whole,  on  the  primary  rocks 
of  that  district.* 

The  Karoo  formation  consists  mainly  of  alternations  of  shales 
and  sandstones,  at  many  places  rich  with  reptilian  remain8,f  and 
here  and  there  yielding  fossil  fish  allied  to  PalcBoniscus  and 
Amhlypterus  {Hypterua^  Owen),  a  few  Bivalves  [Iridina^  &c.), 
and  a  rare  Estheria,  Plant-remains  (ferns  and  PhyllotheecB  ?) 
and  fossil  wood  are  abundant  in  several  beds,  and  there  are  some 
workable  coal-seams  in  the  Stormberg  series.^ 

In  his  elaborate  *'  Catalogue  of  the  Fossil  Reptilia  of  South 
Africa  in  the  British  Museum"  (4to,  1876),  Professor  Owen 
describes  and  illustrates  the  following  (all,  but  one,  from  the  Karoo 
formation) : — 

Class — Reptilia. 

Order — Dinosau  ria. 

Section — Tretospondylia. 

Genus — Tapinocephalus  ;   1  species. 

Family — Serratidentia. 

Genua — Parieasaurus  ;  2  species. 
„        Anthodon  ;   1  sp.  (Jurassic). 

*  See  Mr.  Grieebach's  Memoir  on  Natal,  Quart.  Joum.  (3eol.  Soc, 
Vol.  xxvii.  p.  63,  p].  2. 

t  These  fossils  are  often  invested  or  permeated  by  very  hard,  tongh 
rock,  related  to  that  of  the  trap-dykes  j  and  in  some  cases  thej  seem  to 
have  been  derived  from  other  beds,  aa  they  differ  from  the  rocks  in 
which  they  occur,  and  yet  do  not  appear  to  be  in  concretionary  nodules. 
—Dr.  G.  Grey. 

X  *'  Mining  Journal,"  January  14, 1871.  For  the  distribution  of  the  Kaioo 
fossils,  as  known  up  to  1867,  see  Quart.  Joum.  Geol.  Soo.,  VoL  zziii, 
pp.  142.144.' 
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Order — Theriodontia, 

Family — Binarialia. 

Genus — Lycosauras ;  8  spp. 
Tigrisuchus;   1  sp. 
Family — Mononarialia. 

Genus — Cynodracon ;  2  spp, 
,,        Cynochampsa ;    1  sp. 
,,        Cynosuclius  ;  1  sp. 
yj        Galesaurus  ;   1  sp. 
„        Nythosauras;  1  sp. 
,f        Scaloposauras ;  1  sp. 
„        Procolopbon,  2  spp. 
Family — Tectinarialia. 

Genus — Gorgonops;   1  sp. 
Order — Anomodontia. 

Family — Bidentalia. 

Genus — Dicynodon  ;  11  spp, 
„        Ptychognatbus  ;  6  spp. 
J'amiZy-^Cryptodontia. 

Genus — Oadenodon  ;  7  spp. 
,,        Theriognathns ;   1  sp. 
„        Kistecephalus  ;  7  spp. 
Family — Endothiodontia. 

Genus — Endothiodon  ;  1  sp. 
Sub-Class — Dipnoa. 
Order — Labyrinthodoutia. 

Section — ^qnideDticulata. 
Family — Coccoganoidea. 

Genus — Petropbryne ;  1  sp.  (qy.,  tbe  same  as 
MicropholiSj  Huxley,  Quart.  Journ.  Geol. 
Soc,  Vol.  XV.,  p.  654,  pi.  21.) 
„  Saurostemon,  Huxley;  2  spp.  (Lacertian, 
according  to  Huxley,  *'  Geological  Maga- 
zine," Vol.  v.,  p.  201,  pi.  11.) 

Professor  Owen  bas  also  noticed,  in  former  years,  vertebral 
indications  of  fossil  Reptiles  from  tbe  Karoo  formation,  wbicb  be 
designated  Massospondylus,  Pachyspondylus^  and  Leptospondylus 
(Quart.  Journ.  Geol.  Soc,  Vol,  xvi.,  p.  62). 

Professor    Huxley    bas    described    a    species   of  Dicynodon* 

*  Quart.  Journ.  Geol.  Soc.,  Vol.  zv.,  p.  6i^,  pi.  23. 
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{Ptychognathua ?) ;  remains  of  two  large  Dinosanrians*  (Euskele^ 
saurus  and  Orosanrua) ;  a  serratident,  Pristerodon  ;  f  and  his  la- 
certilian  Saurostetmon  and  batrachian  Micropholis  (see  abore). 
All  of  these  are  also  from  the  Karoo  formation. 

The  only  evidence  of  marine  life  amotig  the  fossils  of  the  Karoo 
formation  is  one  fragment  of  an  encrinite  }  in  a  calcareous  breccia 
from  the  Rhenosterberg,  a  spur  of  the  Snceawbergen  (Qaart. 
Jonrn.  Geol.  Soc,  Vol.  xv.,  p.  194).  This  may  bave  been 
derived  from  older  Devonian  beds. 

The  probable  lacustrine  character  of  the  Karoo  formation  has  been 
dwelt  upon  by  Bain  and  others ;  and  the  existing  analogy  of  wide 
expanses  of  fresh  water  in  Central  Africa  has  been  pointed  ont  by 
Murchison  and  Livingstone.  The  probably  vast  extent  of  land  in 
early  Mesozoic,  if  not  in  late  Palaeozoic,  times,  but  since  destroyed, 
has  been  ably  treated  of  by  Huxley,  Blanford,  and  others,  in  explica- 
tion of  the  occurrence  of  wide-spread  terrestrial  conditions  during 
the  Permio-Triassic  ages  in  different  parts  of  the  world. 

Elsewhere  in  Cape  Colony,  especially  on  the  Sunday,  Zwartkop, 
and  Gamtoos  RiverH,  there  jare  Jurassio  strata,  known  as  the 
"  Uitenhage  Formation  ;"§  and  these  groups  appear  to  have  been 
deposited  in  great  hollows  or  seas  of  the  period,  quite  disconnected 
from  the  older  **  Karoo  formation."  They  opened  out  eastward; 
and  on  the  west  they  rested  against  the  old  Primary  rocks,  which 
formed,  and  still  form,  the  great  south-eastern  boundary  of  that 
terrestrial  and  lacustrine  area. 

An  underlying  conglomerate  ('*  Enon  *')  and  a  remarkable  series 
of  plant-bearing  beds  ("  Wood-bed,"  &c. )  belong  to  this  series. 

Traces  of  similar  Jurassic  rocks  are  known  higher  up  the  coast, 
near  the  Zambesi,  and  far  down  on  the  south  and  west  in  the 
George  district. 

Some  similar,  but  less  extensive,  patches  of  Cretaceous  strata 
occur  on  the  Natal  coast;  and  these  also  have  lost,  by  denudation, 
their  connection  with  far  greater  deposits,  continuous,  probably, 
with  the  old  Indian  and  West-Asiatic  Cretaceous  seas,  and 
associated  with  the  ^'  Lemurian*'  lands  of  the  past. 

*  Qnart.  Joum.  Geol.  Soc,  Vol.  xziii.,  p.  1. 

t  *•  Geological  Magazine,"  Vol.  v.,  p.  204,  pi.  12. 

X  This  speoimen,  in  the  Geological  Society's  Museum,  was  specially 
poiuted  out. 

§  Seo  Mr.  Tate's  Memoir  on  Soath-African  Fossils,  with  Notes  by  T. 
Kapert  Jones,  Quart.  Jonrn.  GeoL  Soc.,  Vol.  xziii.,  p.  149. 
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Tertiary,  or  raiher  Post-tertiary  deposits,  succeed  in  the 
Eastern  Province  ;  and,  whether  in  isolated  patches  or  over  hroad 
areas,  on  the  Primary  or  on  the  Secondary  rocks,  they  were  formed 
on  the  eastern  slopes  of  the  country,  facing  the  Indian  Ocean, 
and  were  continuous  with  its  floor  previous  to  some  of  the  latest 
alterations  of  level,  which  have  raised  them  above  the  sea-level. 

The  Alluvial  flats  near  the  Cape  and  further  inland  present,  as 
usual,  varied  evidences  of  atmospheric  agencies  in  having  arranged 
mud,  sand,  pebblep,  lignite,  &c.,  by  gentle  or  by  violent  means. 
The  great  sandy  flats  of  the  interior,  and  the  shingle  and  boulders 
of  the  river-valleys,  all  indicate  enormous  lapse  of  time  and 
effectual  work  of  Nature's  every- day  forces  ;  and  even  the  results 
of  glacial  action  have  beej  demonstrated  by  Mr.  G.  W.  Stow 
(Quart.  Journ.  Geol.  Soc,  1871,  Vol.  xxvii.,  p.  5-14,  &c.)  in 
these  subequatorial  regions. 

Some  remarks  were  offered,  in  conclusion,  on  the  conditions 
under  which  diamonds  are  found  in  South  Africa,  both  in  the 
valley-gravels  and  in  the  diggings  on  and  near  certain  old  trap- 
dykes,  which  have  traversed  the  Karoo  shales.  A  visitor,  who 
had  lately  returned  from  the  Cape,  exhibited  a  quantity  of 
small  diamonds  which  he  had  obtained,  and  kindly  replied  to 
enquiries  made  by  the  Associates.  Professor  Tennant  made  some 
remarks  on  the  quantity  and  size  of  the  South- African  diamonds. 

Professor  Morris,  after  some  instructive  remarks,  tendered  the 
thanks  of  the  Members  to  Professor  Rupert  Jones  for  his  interest- 
ing lecture,  and  expressed  the  obligations  of  the  visitors  to  the 
President  and  Council  of  the  Geological  Society  for  their  courtesy 
in  opening  their  Museum  on  this  occasion. 

Mr.  B.  B.  Woodward,  Assistant  Curator  of  the  Museum,  has 
kindly  furnished  the  following  notes : — 

In  illustration  of  Prof.  Rupert  Jones'  remark?,  Uie  original  large 
MS. map  of  South  Africa,  geologically  Coloured  by  Mr.  A.  G.  Bain, 
and  a  large  series  of  South-African  rocks  and  fossils  were  ex- 
hibited. The  latter  included  specimens  from  the  Tertiary  deposits 
of  Algoa  Bay ;  Jurassic  fossils  from  the  Sunday  and  Zwartkop 
Rivers;  and  pi  ant- remains  from  the  Jurassic  "  Wood -bed,"  at 
Geelhoutboom,  Sunday  River ;  trilobites,  encrinites,  spirifers, 
and  other  Devonian  fossils  from  the  Warm  and  Cold  Bokkevelds, 
north  of  Cape  Town  ;  rock-specimens  from  the  diamond-fields ; 
jaspers  from  the  ranges  of   the  Potgieter's  and    Rooi  Kopjes; 
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and  reptilian  bones,  ammonites,  and  other  Cretaceous  fossils  from 
the  coast  of  Natal. 

This  South-African  collection  is  composed  of  the  donations  thai 
have  been  from  time  to  time  made  to  the  Society  by  traTellers  and 
residents ;  among  others,  Mr.  A.  G.  Bain,  Dr.  Atherstone,  Dr. 
Rubidge,  Captains  Garden  and  Rocke,  and  Mr.  Stow,  men  whose 
names  will  always  be  associated  with  South -African  geology. 
Many  of  the  specimens  contained  in  it  are  unique,  and  many  hare 
been  described  and  figured  in  the  Society's  publications. 

The  Members  of  the  Association  also  inspected  an  interesting 
series  of  rock-specimens  (jaspers,  quartz,  chalcedony,  &c.\  and  sUi- 
cified  woods  and  corals  from  Antigua,  which  were  exhibited  in 
illustration  of  a  paper  that  had  been  read  before  the  Association 
a  short  time  before,  by  Prof.  Rupert  Jones. 

Amongst  the  many  objects  of  interest  in  the  possession  of  the 
Geological  Society,  an  original  MS.  geological  map  of  England, 
by  William  Smith,  "  the  Father  of  English  Geology,"  and  the 
MS.  table  of  strata  by  the  same  renowned  pioneer  of  the  science, 
attracted  perhaps  the  greatest  attention. 


ORDINARY  MEETING,  April  7th,  1876. 
William  Carruthers,  Esq.,  F.R.S.,  &c.,  President,  in  the  Chair. 
The  following  Donations  were  announced  : — 

**  The  History  of  Rutherglen   and  East  Kilbride,"  by   David 
Ure ;  from  the  President,  William  Carruthers,  Esq.,  F.R.S. 

"  Geological   Map  of    Ireland,'*  from  the   President,  William 
Carruthers,  Esq.,  F.R.S. 

"  ITie  Geology  of  Camberwell,"  by  Arthur  Bott,  F.G.S.  ;  from 
the  Author. 

**List  of   Works   on  the  Geology  of   Hertfordshire,"  by  W. 
Whitaker,  B.A.,  F.G.S. ;  from  the  Author. 

**  Notes  on  the  Geology  of  the  North  Midlands,"  by  W.  J. 
Harrison,  F.G.S.;  from  the  Author. 

•'  Description  of  Sopwith's  Geological  Models,"  by  P.  Sopwith, 
F.R.S. ;  from  Professor  James  Tennant,  F.G.S.,  &c. 

"  Notes  on  the  Geology  of  the  Coast  of  Labrador,"  by  Oscar 
M.  Lieber  ;  from  John  Hopkinson,  Esq.,  F.L.S.,  &c. 
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"  Report  of  the  United  States  Geological  Survey  of  the  Terri- 
tories," Vol.  ii.  "  The  Vertebrata  of  the  Cretaceous  Foimations/' 
by  E.  D.  Cope;  from  Dr.  F.  V.  Hay  den. 

"  Bulletin  of  the  United  States  Qeological  and  Geographical 
Survey  of  the  Territories,"  No.  6,  Second  Series ;  from  Dr.  F. 
V.  Hayden. 

"  Abstracts  of  the  Proceedings  of  the  Geological  Society,"  Nos. 
315  and  316 ;  from  that  Society. 

"Journal  of  the  Society  of  Arts,"  March,  1876;  from  that 
Society. 

''Transactions  of  the  Manchester  Geological  Society,*'  Vol# 
xiv,  Part  2  ;  from  that  Society. 

"  Transactions  of  the  Watford  Natural  History  Society,"  Vol.  i, 
Part  3  ;  from  that  Society. 

"  Proceedings  of  the  South  Wales  Institute  of  Engineers,"  Vol. 
ix,  No.  4  ;  from  that  Institute. 

"  Proceedings  of  the  Warwickshire  Naturalists*  and  Archaeo- 
logists'  Field  Club,"  1875  ;  "from  that  Club. 

* 

The  following  were  elected  Members  of  the  Association  :-* 

Alfred  K.  Huntington,  Esq.,  Memb.  Phys.  Soc.;  the  Rev. 
Robert  Johnson  ;  and  H.  Wolfram,  Esq. 

The  following  Paper  was  read  :— 

On  the  Volcanoes  of  Iceland,  with  Special  Referenob  to 
Mountains  whioh  have  recently  Erupted. 

By  William  Lord  Watts,  Esq. 
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Easter  Monday,  April  17,  1876,  and  Following  Day. 

Directors — The  Rev.  Alexander  Irvino,  B.A.,  B.Sc,  F.G.S., 
and  W.  H.  Holloway,  Esq.,  F.G.S.,  H.M.  Geological  Survey. 

CReport  by  the  Bb?.  Me.  Ibvino.^ 

The  Directors,  chosen  for  their  special  knowledge  of  the  geo- 
logy of  this  part  of  the  country,  were  W.  H.  Holloway,  Esq., 
F.G.S.,  one  of  the  officers  of  Her  Majesty's  Survey,  at  present 
employed  in  the  district  ahout  Grantham  and  Newark ;  and  the 

F  F 


4^  KXCTKSrOV   TO  6&ASTSAM    AXD 


Ber.  A.  Irring,  F.G.&.  «iio  b  knovn  in  NbttiB|^luun  from  liis 
former  cocncctaon  whh  tlie  Higfc  Si^ooL  Tbe  pTogramme  was  a 
KrmewLat  exteanre  cne,  aad  moreorer  time  liad  to  be  allowed  for 
the  >»nfcey  of  tlie  msjor  portioii  of  the  pmrtj  from  London  on 
IfondaT  morrang.  It  inchided  the  exaaunmtHm  of  sectioni  in 
the  Tarioiu  formations  lying  within  tmgj  reach  of  Nottingham, 
which  range  from  the  Lino[>lnshire  Limestone  (Inferior  Ooliie) 
downwards  to  the  Coal  Measures. 

On  the  way  by  train  from  Peterborough  to  Great  Ponton, 
glimpses  were  obtained  of  most  of  the  Lower  Oolite  series.  At 
the  former  place  the  Combrash  is  seen  in  the  bank  at  the  side  of 
the  station  premises,  and  its  expoenre  extends  Chence  nearly  two 
miles  along  the  line  towards  Essendine.  At  the  Casewick  cutting 
is  a  freshwater  grarelly  deposit,  containing  freshwater  shells  and 
fossils  derired  from  the  Oxford  Clay.  The  Combraah  is  seen  at 
the  bottom  of  the  cotting,  and  again  in  the  Banthorpe  cutting. 
On  lesTing  Essendine  Station  the  Great  Oolite  limestcme  is  seen 
orerlying  the  clays  of  the  Upper  Estnarine  series.  In  the  Dane's 
Hill  cutting  a  slight  synclinal  currature  of  the  strata  has 
exposed : — 

1.  Combrash  (a  little  on  the  top  near  the  north  end). 

2.  Great  Oolite  Clay. 

8.  Great  Oolite  Limestone  (two  very  hard  distiiict  bands). 

4.  Upper  Estnarine  Series. 

6.  Inferior  (Lincolnshire)  Oolite,  reached  at  the  south  end. 

From  this  place  to  Little  Bytham,  cuttings  occur  in  Lincoln- 
bhirc  Oolite,  ^ith  clays  of  the  Upper  Estnarine  series  occasionally 
overlying  it ;  and  from  thence  to  Corby  these  ferruginous  sands, 
with  frequent  falRc-bcdding,  are  very  well  exposed  in  a  number  of 
cuttings.  From  Corby  to  Great  Ponton  we  have  first  a  small 
cutting  in  the  Great  Oolite  limestone ;  next  a  long  cutting 
through  Boulder  Clay;  then  (leading  to  the  tunnel)  a  cutting  in 
which  numerous  blocks  of  limestone  are  seen  jutting  out  of  the 
Boulder  Clay.  On  leaving  the  tunnel  the  Boulder  Clay  is  still 
Foen  resting  on  the  eroded  surface  of  the  limestone  not  far  from 
Ponton. 

Work  with  the  hammer  commenced  in  the  Great  Ponton  cutting, 
where  the  train  from  London  arrived  at  twelve  o'clock  on  Monday. 
Here  the  party  was  joined  by  the  local  conductor  from  Grantham, 
and  Mr.  Uolloway  gave  a  short  lecture  on  the  nature  and  fossil 
contents  of  the  strata  (of  which  about  30  feet  are  exposed  at  this 
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spot),  embodying  the  chief  results  of  the  labours  of  Professor 
Morris  and  others  in  the  district,  some  twenty-fire  years  ago. 
The  beds  exposed  belong  to  the  upper  part  of  the  Lincolnshire 
Oolites.  The  section  may  be  roughly  represented  by  the  following 
tabulated  statement : — 

1. — Rubbly  Oolite 6  feet. 

2. — Eight  to  ten  beds  of  Shelly  Oolite  (in  some  parts 
soft),  very  fossiliferonsy  with  five  zones  of  Tere- 
hratula  and  Lima,  in  yarious  stages  of  growth     ...     15  feet. 

3. — Soft  Marl,  containing  Oysters  in  abundance  at  the 
north  end,  dividing  and  becoming  thinly  laminated 
towards  the  south      4  in.  to  1  foot. 

4. — Marly  Bock,  with  Corals,  Nerinaa  and  Tturho,  some- 
what irregular  ...         ...         ...         ...         ...     2  feet. 

6. — Coarse  Shelly  Oolite  and  Freestone 16  feet. 

Owing  to  the  recent  widening  of  the  cutting,  unusual  facilities 
were  offered  for  examining  this  section  and  procuring  fossils,  and 
after  plying  the  hammer  vigorously  for  half  an  hour  or  so,  the 
party  proceeded  to  another  section  in  the  same  formation,  which 
has  been  formed  by  the  Little  Ponton  cutting.  The  courtesy  of 
the  Great  Northern  Railway  Company  deserves  special  acknow- 
ledgment here.  Not  only  did  they  respond  promptly  to  the 
request  made  by  the  Secretary  for  permission  to  work  upon 
their  line  at  these  two  spots,  but  to  ensure  the  party  against 
accidents  from  trains  they  generously  gave  the  Association  the 
services  of  one  of  their  own  officers,  whose  special  knowledge  of 
the  traffic  relieved  the  Directors  of  the  Excursion  from  some 
anxiety  and  responsibility.  At  Little  Ponton,  the  cutting  is  much 
deeper  than  that  at  Great  Ponton,  and  (the  strata  lying  in  both 
cases  nearly  horizontally)  a  greater  range  of  beds  is  exposed.  At 
the  former  place,  too,  they  are  mnch  thicker  than  at  the  latter, 
more  massively  bedded,  but  much  more  sparsely  fossiliferous. 
They  are  much  disturbed  and  broken  in  one  or  two  places,  the 
numerous  fissures  resulting  from  this  being,  in  many  cases,  lined 
with  stalagmite  and  other  forms  of  carbonate  of  lime.  The  nature 
of  the  beds  examined  in  this  section  may  be  seen  from  the  following 
(in  descending  order)  : — 

1. — Rnbbly  Oolite  composed  of  ''Bag"  and  very  com. 
minuted  Shelly  Beds,  with  compact  Shelly  Beds, 
some '*  pisolitic  "         ...         .• 15  feet. 

2.— Thin  band  of  Slaty  Clay        2  to  3  incbes. 
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3. — Compapt  llarlj  and  Shelly    Book,  with   Lueina, 

Pinna,  Ostreai  Trichites,  and  Corals  5  feet. 

4.— Marly  Oolitic  Book,  containing  Oervitlia  CLcuta      ...  6^  feet. 

6. — Compact  Marly  Bock,  with  few  Oolitic  grains       ...  1  foot. 

6. — Thin  bed  of  Clay        2  to  3  inches. 

7. — Coarse-grained  Oolitic  Book...         ...         ...         ...  6  feet. 

8. — Stratified  Grey  Sandy  Clay 1|^  feet. 

9. — Marly  Oolite  fall  of  small  Pectens  ...         .":.         ...  |  f<M>t. 
10. — Compact  Marly  and  Sandy  Bock,  with   OerviUia 

acuta  and  Trigonia  PhitUpsU        ...         8|  feet. 

11. — Fermginons  Sandy  Oolite,  with  shells  in  fragments, 
forming  the  base  of  the  series  known  as  Lincoln- 

shire  Limestone        ...         ...         ...  1  foot. 

This  fine  section,  replete  as  it  is  with  stratigraphical  interefit, 
furnished  few  complete  specimens,  owing  to  the  broken  and  com- 
minuted condition  of  its  organic  remains.  The  above  sections  were 
furnished  by  Mr.  Holloway. 

The    Members    having    regained    their    carriages,    made    for 
Grantham.     Before  passing  over    the   railway  to  the   south   of 
this  town,  they  drove  along  an  elevated  tract  of  country,  formed 
by  the  ferruginous  beds  of  the  sands  which  mark  the  passa^  from 
the  Upper  Lias  clays  to  the  Inferior  Oolite.     These  beds  may  be 
seen  in  the  cutting  to  the  south  of  the  bridge,  capping  the  dark 
blue  clays  of  the  Upper  Lias.     Tliey  correspond  with  the  lower 
series  of  the  Northampton   Sands,  which  have  been  very  exten- 
sively worked  of  late  years  for  iron  ore.     From  the  investigationa 
of  Samuel  Sharp,  Esq.,  F.G.S.,  of  Northampton,  it  appears  that  the 
Lincolnshire  Limestones  lie  between  two  such  series  of  fermginoos 
sands  of  estuariiie  origin ;  and  that  the  thinning-out  of  the  limestone 
about  Oundle  allows  the  upper  and  lower  series  to  coalesce,  and  so 
form   the   thick  deposit  of  ferruginous  ore  which  has  made  the 
country  about    Kettering  and  Wellingborough    famous.      From 
Grantham    the    route    lay  through    Harlaxton   and   Denton    to 
Croxton.     On  the  way  a  fine  view  was  obtained  of  the  Lincoln- 
shire "Cliff"  (a  worn-down  escarpment  of  Lincolnshire  Oolite), 
and  two  interesting  road-sections  were  obtained — the  first  exhibit- 
ing the  junction  between  marlstone  and  clays  of  the  Middle  Liaa 
series ;  the  second  the  passage  from  the  Upper  Lias  clays  into  the 
ferruginous  sands  described  above.     One  incidental  feature  of  this 
Easter  excursion  was  the  quantity  of  drifted  snow  through  which 
the  carriages  had  to  pass,  from  the  heavy  downfall  of  the  previous 
Thursday. 
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At  Croxton  the  party  was  met  by  W.  Ingram,  Esq.,  of  the 
Duke  of  Rutland's  estate,  who  pointed  out  various  features  of 
the  surrounding  country  (including  some  remarkable  terraces  in 
the  valley  of  the  Devon)  as  the  route  was .  continued  towards 
Bel  voir  Castle,  where,  through  the  liberality  of  his  Grace  the  Duke 
of  Rutland,  the  lovers  of  geology  were  to  be  regaled  with  a 
sumptuous  luncheon.  To  this  justice  was  soon  done  under  the 
presidency  of  W.  Green,  Esq.,  the  Duke^s  agent,  and  a  cordial 
vote  of  thanks  having  been  passed  to  his  Grace,  the  party,  re- 
freshed and  invigorated,  proceeded — some  to  view  the  interior  of 
the  castle,  others  to  see  the  magniQcent  gardens  and  rock-work. 
Bidding  adieu  to  these  lofty  towers,  the  party  arrived,  after  about 
an  hour's  drive,  at  Elton  Station.  The  night  was  fast  closing  in 
by  this  time,  and  therefore  a  very  imperfect  examination  only 
could  be  made  of  the  Rbaetic  Beds  which  are  exposed  here,  and  of 
the  gypsum  quarries  which  are  worked  in  the  uppermost  beds  of 
the  Keuper  series.  So  the  first  day  ended  by  the  party  taking 
the  train  to  Nottingham,  and  being  soon  snugly  housed  at  the 
George  Hotel. 

The  Second  Day  (Tuesday)  was  well-occupied.  Leaving  Not- 
tingham by  the  9.30  train  in  the  morning,  paying  a  visit  on  the  way 
to  the  Nottingham  Natural  History  Museum,  which  had  been  opened 
for  the  purpose  through  the  kindness  of  the  Mayor  and  the  Museum 
Committee,  the  extensive  stone- quarries  in  the  neighbourhood 
of  Mansfield  were  visited.  The  stone  quarried  hereabouts  is  not 
a  pure  dolomite  or  magnesian  limestone,  but  consists  of  an  ad- 
mixture of  (roughly  speaking)  about  45  per  cent,  of  carbonate  of  lime 
and  magnesia,  with  from  1  to  8  per  cent,  of  oxide  of  iron,  and  about 
50  per  cent,  of  silica.  Hammers  were  freely  called  into  play,  and 
specimens  procured  of  both  the  white  and  the  red  varieties  of 
"  Mansfield  stone."  As  good  fortune  would  have  it^  ^the  progress 
of  the  works  at  the  quarries  belonging  to  R.  C.  Lindley,  Esq.,  of 
Eastwood  (who  had  readily  granted  access  to  the  Members  of  the 
Association)  had  necessitated  the  removal  of  the  Upper  Permian 
Marls  which  overlie  the  Magnesian  Limestone,  and  the  Members 
present  had  a  good  opportunity  of  viewing  the  uneven  and  eroded 
surface  upon  which  these  marls  were  deposited.  After  visiting 
Mansfield  Woodhouse,  and  spending  some  time  in  examining  the 
purer  beds  of  dolomite  which  are  quarried  in  that  locality,  and 
afiford  great    facilities    for  studying  *^  irregular    bedding"    and^ 
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**  oblique  lamination*'  on  an  nnusuallj  large  scale,  the  party  foond 
its  way  back  to  tbe  Swan  Hotel,  at  Mansfield.  Taking  the  train 
for  Bnlwell,  tbej  made  their  nearest  way  to  Cinder  Hill.  In  the 
brick-yards  belonging  to  C.  Seeley,  Elsq.,  the  Upper  Permian  Marls 
which  had  been  examined  at  Mansfield  were  again  recognised, 
resting,  as  in  the  former  instance,  upon  the  Magnesian  Limestone 
strata.  The  marls  are  succeeded  (in  ascending  order)  by  rather 
hard  deep-red  sandstones,  considered  by  the  geological  surrey ors  to 
be  the  highest  member  of  the  Permian  System  ;  a  group  of  strata 
which  some  geologists  prefer  (on  a  more  complete  review  of  the 
eyidence)  to  consider  as  "  Lower  New  Red  Sandstone.'*  There  is 
no  unconformity  apparent  between  the  highest  bed  of  the  ^  Per- 
mian" and  the  lowest  bed  of  the  Triassic  series  (Bunter)  at 
Cinder  Hill ;  the  only  line  of  demarcation  is  a  band  of  brecciated 
materials  which  varies  in  thickness  from  a  few  inches  to  about 
three  feet.  The  breccia  contains  a  variety  of  fragments,  the 
greater  number  consisting  of  sub-angular  pieces  of  limestone, 
much  altered  by  the  action  of  water,  and  somewhat  dolomitic  in 
character.  They  appear,  however,  to  be  derived,  not  from  the 
Magnesian,  but  from  the  Carboniferous  Limestone,  since  many  of 
them  contain  undoubted  fragments  of  encrinites ;  and  in  the  same 
breccia  at  Kimberley  such  fragments  are  even  more  frequently 
met  with.  This  being  so,  there  remains  no  evidence  to  be  drawn 
from  this  breccia-bed,  of  any  very  great  period  of  time  having  elapsed 
between  its  deposition  and  that  of  the  Permian  strata  beneath  it, 
to  which  it  belongs  just  as  much  as  to  the  Bunter  above,  passing 
as  it  does  in  some  places  underneath  the  uppermost  layers  of  the 
sandstones  of  the  Upper  Permian.  In  the  examination  of  this 
section  much  valuable  assistance  was  obtained  from  E.  Wilaon, 
Esq.,  F.G.S.,  of  Nottingham,  who  has  done  good  work  in  the 
Permian  and  Triassic  strata  of  the  district,  and  to  whose  well- 
drawn  sections  the  members  of  tbe  party  were  much  indebted* 
Much  interest  was  added  to  the  study  of  this  section,  and  of  the 
faults  by  which  it  is  intersected,  by  a  short  lecture  on  the  ground 
from  George  Fowler,  Esq.,  F.Q.S.,  the  mining-engineer  of  the 
collieries,  who  gave  a  clear  and  perfect  explanation  of  the  effect  of 
the  faults  upon  the  Coal  Measures  underneath  the  Permian  at  this 
place,  and  by  the  diagrams  by  which  this  was  illustrated.  The 
Magnesian  Limestone  is  here  faulted  up  against  the  Upper  Permian 
and  Bunter  strata,  and  while  these  two  formations  are  eqiuJlj 
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affected  by  the  fault,  the  Coal  Measures  below  them  have  been 
preyed  by  actual  measurement  to  be  dislocated  by  some  60  yards 
of  vertical  displacement  more  than  the  two  series  which  here  crop 
out  at  the  surface.  The  enormous  lapse  of  time  which  must  be 
postulated  to  allow  for  60  yards  of  displacement  by  the  slow 
sliding  of  the  strata  against  one  another  on  opposite  sides  of  the 
fault,  before  the  Permian  strata  were  deposited  upon  their  denuded 
surface,  is  recorded  also  at  Kimberley,  where  the  base  of  the 
Permian  System  is  now  exposed  in  two  new  railway  sections  rest- 
ing  unconformably  upon  the  planed-off  edges  of  Ooal  Measure 
shales  and  sandstone.  Much  interest  appeared  to  be  aroused  by 
the  evidence  which  the  brickyard  sections  and  those  in  the  railway 
cutting  not  far  distant  afforded  of  the  close  relation  that 
exists  between  the  so-called  Permian  strata  and  those  of  the 
Bimter  above  them,  the  conclusions  inferrible  from  the  examina- 
tion of  them  in  this  district  being  very  different  from  those  which 
we  draw  from  the  perusal  of  ordinary  text-books  of  the  science, 
and  tabulated  statements  published  by  persons  in  authority.  A 
walk  from  Cinder  Hill  along  the  new  railway  afforded  opportunities 
for  further  study  of  the  Bunter  and  so  called  Permian  strata,  and 
in  the  cuttings  which  form  the  approaches  to  the  tunnel  at 
Watnall  magnificent  sections  were  obtained.  Here  and  near 
Kimberley,  on  the  new  Midland  line,  the  Magnesian  Limestone  and 
Marl  Slate  series  may  be  studied  with  unusual  facility  at  present. 
They  rest  upon  a  base  of  exceedingly  hard  calcareous  breccia,  which 
forms  the  base  of  the  Permians  over  a  large  district  in  Nottingham- 
shire. Very  compact  in  texture,  this  breccia  varies  in  thickness  from 
one  to  three  feet ;  and  throughout  the  calcareous  matrix  numerous 
small  angular  fragments  are  dispersed,  the  origin  of  which  cannot 
be  easily  determined.  Small  cavities,  too,  are  of  frequent  occur- 
rence, lined,  in  some  instances,  with  calcite  ;  in  others  with  iron 
pyrites.  Above  it  about  twenty-five  feet  of  Marl  Slate  occur,  in 
which  Mr.  Wilson  has  found  casts  of  Axinus ;  below  it  the  Coal 
Measure  clays  and  shales,  containing  nodules  of  hiematite,  dip  to 
the  north  east,  with  an  unconformity  of  about  15  degrees. 

A  walk  of  about  three  miles  brought  the  party  to  Ilkeston, 
where  the  train  was  taken  for  Nottingham  and  London. 
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EXCURSIOy  TO  BROMLEY,  SUXDRIDGE,  AND 
CHISLEHURST.— April  22iid,  1876. 

DiredCT — J.  Logas  Loblet,  Esq.,   F.G.S. 
CReport  hy  Ms.  Loblxt  J 

A  large  arem  in  the  neighbonrhood  of  Bromley  is  occupied  bj  the 
8he1]-bed8  and  the  overljing  Sands  and  Pebble-beds  of  the  Lower 
Eocene,  and  good  sections  of  these  beds  are  exposed  along  the 
railway  in  the  ricinity  of  Bromley  Station.  In  the  cutting  to  the 
east  of  the  station,  to  which  the  party  at  once  proceeded,  the 
Shell-beds,  the  estnarine  deposits  of  the  Woolwich  and  Reading 
Series,  are  seen  inclined  at  a  low  angle,  dipping  to  the  west. 
The  characteristic  Cyrena  cunieformis  occurs  here  in  great  abund- 
ance, associated  with  Ostrea.  At  the  western  end  of  this  cutting 
the  Sands  form  the  npper  beds  exposed.  So  large  was  the  party, 
and  so  frequent  were  the  trains,  that  it  was  deemed  unsafe  to 
remain  long  on  the  line,  but  snfiBcient  time  was  spent  to  enable  all 
to  note  the  character  of  the  beds,  and  to  obtain  specimens  of  the 
shells  which  so  distinctly  indicate  the  estnarine  character  of  these 
deposits. 

The  Pebble-beds  are  well  seen  immediately  behind  the  railway 
station,  by  the  side  of  the  inclined  road  which  has  been  cut  through 
them.  These  remarkable  beds,  an  accumulation  of  shingle,  are, 
with  the  underlying  sands,  the  equivalents  in  the  western  part  of 
Kent  of  the  beds  exposed  at  Oldhayen  Gap,  near  the  RecuWers, 
and  called  by  Mr.  Whitaker,  the  "  Oldhaven  Beds."  They  consist 
of  smooth,  oYsiy  blue-black  flint  pebbles,  with,  in  some  places,  a 
considerable  quantity  of  intermingled  sand,  and  in  others,  as  at 
Plnmstead,  a  matrix  of  carbonate  of  lime  which  cements  the 
pebbles  together,  forming  a  conglomeratic  rock ;  and  in  other  loca- 
lities, as  at  Blackheath,  the  pebbles  are  almost  devoid  of  any  inter- 
mingled material.  As  has  been  pointed  out  by  Mr.  Whitaker,  the 
entire  absence  of  subangular  or  little-worn  pebbles  indicates  that 
this  vast  bed  of  worn  Chalk  flints  was  not  a  shore  accumulation  of 
shingle  at  the  footof  a  Chalk  clifi*,  like  that  now  forming  the  beach 
at  Brighton,  but  was  doubtless  a  shoal  or  bank  considerably  removed 
from  the  shore  line,  to  which  pebbles  would  only  reach  after  much 
rolling  and  consequent  wear.  The  bed  of  quartzose  sand,  usnally 
found  underlying  the  Pebble-beds,  Mr.  Whitaker  considers  ought 
to  be  associated  with  them,  and  not  with  the  Woolwich  Beds 
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proper.  The  ''  Oldhayen  Sand  *'  occurs  at  this  section,  with  a 
most  irregular  upper  boundary,  the  Pebble- beds  entering  the  Sands 
in  wedge-like  or  teeth>like  masses  to  a  considerable  depth.  This 
section  shows  a  remarkable  instance  of  current  bedding,  the 
oval  pebbles  lying  with  their  longer  axes  horizontal,  while,  as 
has  been  pointed  out  by-  Mr.  Whitaker,  lines  of  bedding,  inclined 
at  an  angle  of  25°,  are  very  distinct  This  is,  perhaps,  even  better 
seen  at  a  new  section  of  the  same  beds  on  the  opposite  side  of  the 
railway,  which  was  next  inspected. 

A  walk  through  the  Tillage  of  Bromley  brought  the  party  to 
the  grounds  of  Bromley  Palace,  the  residence  of  the  late  Mr.  Coles 
Child,  F.G.S.,  who  was  one  of  the  Directors  of  the  Excursion  of 
the  Association  to  Bromley  in  1872.  (See''  Proceedings  of  the  Geo- 
gists'  Association,"  Vol.  iii,  p.  1 14.)  A  small  section  of  the  Wool- 
wich Beds  here,  when  not  masked  by  overgrowth,  shows  a  Cyrena^ 
bed  distinctly  separated  by  a  stratum  of  clay  from  an  0«^rea-bed. 
Springs  of  highly  ferruginous  water  are  seen  in  one  or  two  places 
in  the  grounds,  and  an  ancient  bath-house  attests  the  value  set 
upon  this  water  in  past  times. 

After  walking  through  the  beautiful  grounds  of  Bromley  Palace, 
in  which  are  some  of  the  largest  evergreens  in  the  neighbourhood 
of  London,  the  party  proceeded  by  the  path  across  the  fields  to 
Widmore  Kiln,  passing  at  a  little  distance  the  nearest  hop-garden 
to  the  metropolis.  The  section  at  Widmore  is  figured  in  the 
'*  Geology  of  the  London  Basin,''  page  246,  and  on  page  247  is 
described  as  follows  :  — 

Son.  Feet. 

C  Grey  and  brown  weathered  Clay,  at  most  8| 
London  Clat.    \  Basement  bed :   Clayey  Pebble-bed,  the 

(.     pebbles  of  black  flint    i  to  i 

Oldhayen  Beds — Light-coloured  (mostly  nearly  white) 
sand,  with  a  few  pebbles  in  the  upper  part,  chiefly 
in  one  broken  line,  and  a  few  thin  clay -layers ;  below 
8  feet  from  the  top  of  these  last  are  in  force 12  or  more. 

'^ark  bluish-grey  clay,  laminated,  with  a 
few  very  thiu  sandy  layers,  small  pieces 
of  leaves,  wood  (in  the  state  of  lignite) 

and  iron  pyrites    about      9 

Sand,  with  layers  of  clay  in  fine  alterna- 
tions. At  one  part  (in  the  trough)  the 
top  highly  ferruginous ;  at  another  it 
seems  to  pass  up  into  the  clay,  the 
lower  part  of  which  is  then  more  sandy. 
Tabular  concretionary  masses  of  sand- 
stone occur  a  few  feet  down,  and  still 
lower  many,  good  impressions  of  leaves 
have  been  found.    Not  bottomed.      ...    26  or  more. 


Oldhaten  (or 
Woolwich) 
Beds? 
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The  ''  Dark  blaish-grej  claj  **  is  probably  pecnliftr  to  this  Me- 
tioiiy  Mr.  Wbitaker  stating  that  he  is  unaware  of  anj  other  plaee 
at  which  it  is  seen.  A  collectioQ  of  weU-preserred  speciiiiens  of 
leaves  from  the  Widmore  beds  was  in  the  possession  of  Mr.  Cdat 
ChDd  in  1872,  bnt  now  plant  remains  are  rarelj  found.  The 
President,  Mr.  Carmthers,  F.R.S.,  determined  the  loBTes  fomd 
here  to  belong  to  the  sub-tropical  Fieus  and  CtfiasiioiRMHiy  genera, 
it  b  worthy  of  remark,  not  represented  in  the  London  Clay  of 
8heppy,  wbich  contains  a  large  flora  of  a  tropical  and  snb-tropkal 
character. 

The  yarious  beds  having  been  pointed  ont  and  described,  the  way 
was  led  to  Snodridge  Park,  and  through  ita  glades  to  the 
woods  at  the  eastern  extremity,  in  which  is  situate  the  ^  Rock- 
pit,"  so  well  known  to  Lower  Tertiary  geologists.  The  Snndridge 
*'  rgck"  is  a  conglomerate  of  shells  and  smooth  oval  flint  pebbles, 
embedded  in  a  calcareo-argillaceous  matrix,  and  affords  rough 
building  stones  well  adapted  for  rustic  buildings,  to  which  its  yarie- 
gated  surface  adds  picturesqueness,  as  is  exemplified  by  the  Chisle- 
hurst  Lodge  of  Sundridge  Park.  This  deposit  seema  to  oombine 
all  the  characters  of  the  Woolwich  Beds,  both  lithological  and 
palaeontological,  since  it  is  at  once  a  shell-bed  and  a  pebble-bed, 
contains  much  argillaceous,  much  siliceous,  and  much  calcareous 
matter;  and  it  yields  both  the  estuarine  and  the  finyiatile 
species  which  characterise  the  Woolwich  Beds  in  yarious  areas. 
Li  a  very  short  time  Ostrea  pulchra,  Pectunculus  Plw/uteadiiy 
Cyrena  cuneifortnis,  C,  deperdita,  Cerithiumfunatum^  and  Melania 
inquinata  were  found. 

Leaving  with  reluctance  this  attractive  quarry  the  party  con- 
tinued the  prescribed  route,  and  emerging  from  the  park  entered 
one  of  the  pretty  and  secluded  valleys  which  give  so  much  beauty 
to  this  part  of  Kent.  At  no  great  distance  to  the  east  of  Sun- 
dridge Park  a  section  shows  Chalk  with  overlying  Thanet  Bands, 
thus  revealing  the  Chalk  **  inlier,"  which  extends  from  west  to  east 
for  upwards  of  three  miles,  surrounded  by  the  Lower  £kx;ene.  Of 
this  inlier,  Mr.  Whitaker  writes  at  page  65  of  "  The  Gkology  of 
the  London  Basin  :" — **  The  valley  that  runs  through  Sundridge, 
Camden,  and  Bickley  Parks,  between  Bromley  and  Chislehurst, 
lays  bare  an  outcrop  of  this  formation  (Thanet  Santls),  and  the 
Chalk,  in  the  form  of  an  inlier,  that  is  to  say,  surrounded  on  all 
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Bides  by  a  higher  formation.  This  exposure  of  the  Thanet  Sands, 
within  the  area  c4  the  overlying  Woolwich  Beds,  and  at  so  high 
a  level,  is  owing  to  a  slight  upheaval  of  the  beds,  which  has 
brought  the  lower  formation  within  reach  of  the  common  forces  of 
denudation  ;  the  outcrop  extends  from  the  north-western  part  of 
Sundridge  Park,  through  Camden  and  Bickley  Parks.'' 

The  line  of  the  Sevenoaks  railway  was  then  crossed,  and  on  its 
northern  side  an  exposure,  of  Thanet  Sands,  Woolwich  Bods,  and 
Oldhaven  Beds  was  found  in  a  recently  formed  road.  The  section 
having  a  sloping  face,  the  pebbles  which  have  rolled  down  from  the 
uppermost  bed  cover  a  considerable  portion  of  the  surface,  and 
thus  the  Pebble-bed  appears  to  be  much  tliicker  than  it  is,  and  the 
Sands  correspondingly,  less  important  than  is  really  the  case. 

Still  going  eastward  the  party  were  next  conducted  to  the 
entrance  to  the  Chalk  Caves  of  Camden  Park.  Lower  beds  than 
any  previously  seen  during  the  day  are  exposed  here,  the  Chalk 
being  revealed  to  a  depth  of  from  15  to  16  feet.  The  usual  bed 
of  green-coated  flints  separates  the  Chalk  from  the  Thanet  Sands 
above,  which  extend  to  the  soil  at  the  top  of  the  section.  The 
Chalk  at  this  place,  obviously  the  uppermost  bed  of  the  Chalk  of 
West  Kent,  appears  to  be  harder  and  more  compact  than  the  similar 
bed  at  other  sections.  One  bed,  not  much  below  the  top,  is  po 
continuous  and  compact  that  it  forms  an  immense  unjointed  slab, 
constituting  a  continuous  roof  to  the  caves,  or  rather  galleries, 
which  extend  for  a  long  distance  under  Camden  Park.  These 
galleries,  driven  under  ground  for  quarrying  purposes,  consist  of 
longitudinal  and  transverse  workings,  leaving  great  masses  as 
pillars  for  the  support  of  the  roof.  Sponges  are  more  than  usually 
abundant  in  the  Chalk  of  this  place,  and  some  good  specimens  were 
obtained  on  this  occasion. 

In  the  fine  work  by  M.  Charles  Barrois,  a  Member  of  the  Asso- 
ciation, "  Recherches  sur  le  Terrain  Cr^tac^  Sup6rieur  de  FAngle- 
terre  et  de  Tlrlande,"  just  published,  the  various  beds  named  in 
the  classification  of  the  Chalk  of  this  part  of  England  by  another 
of  our  Associates,  Mr.  Caleb  Evans,*  have  been  correlated  with 
the  divisions  of  the  Chalk  generally  which  M.  Barrois  seeks  to 
establish.     This  correlation  is  given  at  page  139  as  follows  : — 

*  "  On  Some  Seotions  of  the  Chalk  between  Croydon  and  Ozted,"  by 
Caleb  Evans,  F.G.S. 
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;la8si?ication   o?    the  URALK  Ot 
the    South- East  of   England,  by 
Mr.  Caleb  Evans. 

UBNBRAL      CLASSIFICATION      OF     THB 

Upper     Cretaceous,     by      M. 
Barrois. 

Assise  k  Belemnitelles. 

Piirley  Beds. 

Zone  k  Marsnpites. 

Upper  Eenley  Beds. 

2iOne  k  M.  coranguinnm. 

Zone  k  M.  oortestndinarinm. 

Lower  Eenlej  Beds. 

Zone  k  Holaster  planns. 

Whiteleaf  Beds. 

Zone  k  Terebratolina  gracilis. 

Upper  Marden  Park  Beds. 

Zone  k  Inooeramns  labiatns. 

Tan^HTAt*  ^Taih^ati   T'n.rlr  DaHr 

Zone  k  Belemnites  plenns. 

Zone  k  Holaster  snbglobosns. 

Chloritio  Marl. 

Zone  k  Peoten  asper. 

• 

Zone  k  Ammonites  inflatus. 

It  wilh  thus  be  seen  that  M.  Barrois  considers  the  highest 
Chalk  in  this  part  of  England  to  be  the  second  of  his  divisions, 
**  Zone  §L  Marsnpites;"  and  at  page  138  we  find  it  stated — ''  Cast 
dans  cette  region  (Kent)  que  les  zones  §L  Holaster  subgloboaus  et 
Belemnites  plenus  acqui^rent  lenr  plus  complet  d^veloppement. 
La  zone  k  Belemnitelles  n'est  pas  connue  dans  cette  partie  de 
TAngleterre." 

Exposures  of  all  the  beds  from  the  Upper  Chalk  to  the  London 
Clay  had  now  been  seen.  It  remained  to  ascend  to  the  high  ground 
of  Camden  Park,  which  affords  extensile  views  over  the  district,  and 
a  good  stand  point  from  which  to  note  the  physical  features  of  this 
part  of  Kent.  Much  of  the  picturesque  beauty  of  the  neighbour- 
hood is  doubtless  due,  as  Mr.  Whitaker  shows,  to  the  occurrence 
as  the  uppermost  formation  of  the  Oldbaven  Pebble-beds,  which, 
being  easily  disintegrated,  are  cut  through  in  many  places,  forming 
numerous  small  valleys  with  steep  slopes.  The  well- wooded  vales  and 
hills  of  East  Kent,  from  their  varied  geological  structure,  support 
a  diversified  vegetation  with  timber  of  large  growth,  the  beech, 
the  elm,  the  oak,  and  the  yew  often  attaining  great  dimensions. 
Passing  to  the  south  of  Camden  Place,  the  chosen  retreat  of 
Napoleon  III,  the  common,  and  the  village  of  Chislehurst  were  at 
length  reached,  when  a  general  desire  for  rest  and  refreshment 
induced  the  party  to  linger  awhile  before  leaving  by  train  for 
London. 
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EXCURSION  TO  THE  GORGE  OF  THE  MED  WAY,  AND 
KIT'S  COTY  HOUSE.— Monday,  May  Ist,  1876. 

Director — Professor  John  Morris,  F.G.S. 
{Report  hy  W.  H.  Hudlkston,  Esq.,  M.A.,  F.G.S.) 

The  party  from  London,  after  proceeding  by  the  North  Kent 
line,  entered  the  valley  of  the  Med  way  at  Stroud,  opposite 
Rochester.  From  this  point  the  Maidstone  branch  of  the  rail- 
way is  carried  up  the  remarkable  gorge  in  the  Chalk,  through 
which  the  waters  of  a  large  portion  of  the  Weald  find  their  way 
into  the  sea.  This  is  one  of  the  four  great  breaks  which  traverse 
the  North  Downs.  At  Snodland,  which  is  situated  upon  the 
Gault,  the  funnel-shaped  entrance  to  this  gorge,  on  the  escarp- 
ment side,  is  very  apparent. 

Here  the  party  descended  from  the  train  and  crossed  the 
Medway  towards  Durham,  where  there  are  extensive  quarries  in  the 
Lower  Chalk.  These  yielded  several  interesting  fossils,  and 
amongst  others  true  coprolit-es,  often  mistaken  for  conical  fruits. 
Some  of  the  members  thence  ascended  towards  the  Middle  Chalk 
of  Blue  Bell  Hill,  where,  under  the  guidance  of  Mr.  Johnson,  they 
found  several  ventriculites,  llie  bulk  of  the  party  followed  Pro- 
fessor Morri^  along  the  road  at  the  base  of  the  escarpment.  This 
road  crosses  a  country  much  covered  by  grey-wethers.  Four 
immense  stones  of  this  kind,  relics  of  the  Lower  Tertiaries,  con- 
stitute the  remarkable  monument  known  as  Kit's  Coty  House,  said 
to  be  the  finest  cromlech  in  the  south-east  of  England.  It  is 
situated  towards  the  middle  of  the  Chalk  escarpment,  and  com- 
mands a  complete  view  up  the  valley  of .  the  Medway  in  the 
direction  of  Maidstone.  Here  the  Director  took  the  opportunity 
of  delivering  an  instructive  address  upon  the  subject  of  the 
denudation  of  the  Weald,  and  the  formation  of  these  remarkable 
gorges,  at  the  entrance  of  one  of  which  the  party  was  then 
standing. 

''  Looking  at  the  controversy  which  had  long  been  waged 
between  the  rival  champions  of  marine  and  sub-aerial  denudation, 
he  considered  that  it  must  be  admitted  that  the  latter  had,  in  a 
great  measure,  proved  their  case,  and  that  in  point  of  fact  a  con- 
siderable portion  of  the  clays  of  the  longitudinal  valleys  of  the 
Weald  had  been  removed  in  the  course  of  ages  and  carried 
down  through  these  gorges,  which  were  themselves  the  result  of 
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erosion  of  the  harder  beds,  acting  in  all  probability  upon  lines  of 
weak  resistance,  and  partly  also  determined  by  an  alteration  in  the 
strike.  Therefore  the  scooping  out  of  the  great  longitudinal 
valleys,  as  well  as  the  erosion  of  the  transverse  valleys,  must  be  in 
a  great  part  due  to  rain  and  rivers,  which  have  been  acting  ever 
since  the  rise  of  the  old  Wealden  dome.  The  Quaternary  beds  of 
the  Medway  Valley  are  of  the  highest  interest,  and  extremely 
fossiliferous,  but  are  the  most  extensively  developed  and  contain 
the  greatest  quantity  of  remains  in  the  funnel-shaped  mouths  of 
the  gorges  such  as  this  at  Aylesford,  and  also  in  ihe  same  valley 
above  Maidstone,  where  there  is  an  analogous  break  in  the  Lower 
Greensand  escarpment.  At  such  places  there  seems  to  have  been 
a  great  spreading  out  of  the  waters,  arising  from  a  choke  in  the 
narrows  during  times  of  flood.  This  gave  rise  to  temporary 
lakes,  into  which  the  carcases  of  animals  were  floated.  At  present 
Aylesford  is  only  about  38  feet  above  the  sea  level,  and  yet  there 
seems  to  be  evidence  that  the  Medway  flowed  at  a  far  higher  level 
during  a  period  when  the  neighbounng  fauna  was  much  the  same 
as  when  the  elephant-gravels  of  the  Aylesford  pits  were  formed. 
For  in  the  heights  above  Maidstone,  gravels  occur  at  elevations  of 
300  feet,  containing  nearly  the  same  kind  of  bones  as  those  of  the 
lower  terraces.  The  inference  is  that  the  Medway  has  done 
much  excavating  work  during  the  pieriod  which  elapsed  between 
the  deposition  of  these  high-level  gravels  near  Maidstone  and  the 
low-lying  ones  of  Aylesford." 

Early  in  the  afternoon  the  party  lunched  at  Aylesford,  in 
company  with  Mr.  Bensted,  and  several  gentlemen  from  Maid- 
stone and  the  vicinity.  They  then  adjourned  to  the  gravel-pit, 
where  a  most  striking^  section  is  exposed.  At  the  base  is  20  feet 
of  almost  pure  white  sand,  the  bleached  and  incoherent  beds  of 
the  Folkestone-series  of  the  Lower  Greensand.  On  this  reposes  a 
splendid  series  of  mammaliferous  gravel  and  sand,  bearing  evi- 
dence of  much  erosion,  hollowing  out,  and  redeposition  by  current 
action ;  indications  of  ice  action  also  are  noticeable.  Though 
three-fourths  of  the  recognizable  pebbles  and  stones  consist  of 
Chalk  flints,  there  were  noted  boulders  of  the  Folkestone-beds, 
huge  masses  of  Kentish  Bag,  and  other  fragments  of  Lower 
Greensand,  with  Gryphcsa  sinuata,  aqd — most  interesting  of  all — 
a  few  well-rounded  fragments  of  Wealden  (  Hastings)  rock  with 
Cyclas.  The  presence  of  these  latter  was  held  to  indicate  that 
the  direction  of  the  pebble-transporting  currents  must  have  been 
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from  soath  to  north,  or  in  tho  same  direction  as  that  in  which  the 
river  now  flows,  and  may  he  deemed  to  supply  evidence  against 
those  who  consider  the  bell-mouthed  entrance  of  the  Med  way 
gorge  a  proof  of  the  old  river  having  discharged  itself  in  a 
southerly  direction.  Many  teeth  of  Elephas  were  secured  by 
Members,  together  with  other  prizes,  and  the  whole  party  had  the 
satisfaction  of  seeing  an  immense  curved  tusk,  not  less  than  10 
feet  in  length,  which  formed  a  prominent  feature  in  the  face  of 
the  section.  This  glory  of  the  old  Pleistocene  world  gradually 
yielded  to  repeated  blows  of  the  pick-axe,  and  most  of  the  Members 
thus  secured  a  souvenir  of  the  great  pit  at  Aylesford.  Two  fine 
teeth  of  Rhinoceros  were  also  found.* 

The  next  place  visited  was  the  brickyard,  where  about  50  feet  of 
Gault  and  Chalk  Marl  were  visible.  At  the  time  of  the  visit  the 
base  of  the  working  was  about  on  a  level  with  the  Ammonites  vari- 
casus  zone  of  Folkestone,  and  the  following  were  some  of  the  fossils 
noted  : — Belemnites  minimus,  List. ;  Nautilus  sp. ;  Hamites  sp. ; 
Ammonites  varicosuSj  Sow.;  A,  lautus,  Sow.  (var.)  ;  A,  inflatus, 
D*Orb. ;  A,  splendens^  Sow.  (perhaps  derived)  ;  Alaria  Orbignyana, 
Pict.  et  Roux. ;  Dentalium  decussatum  Sow. ;  Inoceramus  sulcatus, 
F&rky  I,  concentricus,  FAtk ;  Nuculapectinata^  Sow.;  Fentacrinus 
Fittoni,  Aust. ;  Trochosmilia  sulcata^  Edw.  and  Haime.  The  upper 
portion  is  less  fossiliferous,  and  is  succeeded  by  Chalk  Marl  with 
very  little  intervening  Upper  Greensand.f 

This  Chalk  Marl,  which  forms  the  top  of  the  excavation,  was 
observed  to  be  sliding  forwards  down  the  face  of  the  quaiTy  in  a 
sort  of  viscous  condition,  and  with  its  surface  crevasscd  exactly 
like  that  of  a  glacier. 

Notices  of  this  district  are  to  be  found  in  the  "Proceedings 
of  the  Geologists'  Association,"  Vol.  i.,  page  63 ;  Vol.  iii.,  page 
38,  et  seq, 

*  A  depth  of  nearly  20  feet  of  gravel  is  here  seen  resting:  on  the  sands  of 
the  Folkestone  Beds.  It  is  false- bedded  with  sand,  fine  grayel,  and  loam. 
Many'  bones  have  been  found  here,  chiefly  Rhinoceros  and  Elephas 
primigenius.  Mr.  Boyd  Dawkins  identities  one  of  the  specimens  from  this 
place  as  Elephas  antiquuSf  Falc.  This  fossil  has  been  recorded  from  no 
other  locality  within  the  Weald.  The  terrace  to  which  the  Aylesford  gravel 
belongs  spr^tds  in  a  continnous  sheet  from  the  Borham  Gault  pits  to  near 
Cob  Tree. — "  Memoir  on  the  Weald,"  p.  174. 

t  The  pits  at  Aylesford  and  Burham  give  some  of  the  best  sections  of  the 
Oanlt  in  the  interior;  usual  thickness,  IQO — 120ft.,  as  at  Snodland.  About 
18  inches  of  "  greenish  grey  marly  sand,"  with  dark  grains,  phosphatic 
nodules,  and  cream-coloured  concretions  are  interposed  between  the  top  of 
the  Gault  and  the  Chalk  Marl.—"  Memoir  on  the  Weald,"  pp.  47  and  163. 
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ORDINARY  MEETING,  May  6th,  1876. 

Professor  J.  Morris,  F.G.S.,  &c.,  Vice-President,  in  the  Chair. 
The  following  Donations  were  announced : — 

•*  Twenty-second  Annual  Report  and  Abstract  of  Proceedings  of 
the  Brighton  and  Sussex  Natural  History  Society,  1875  ;"  from 
that  Society. 

"Journal  of  the  Society  of  Arts,"  April,  1876;  from  that 
Society. 

**  Bulletin  of  the  United  States  Geological  and  Geographical 
Survey  of  the  Territories,"  Vol.  ii.  No.  2  ;  from  Dr.  F.  V.  Hayden. 

"  The  Philosophy  of  Geology,"  by  David  Page ;  from  the 
President,  William  Carruthers,  Esq.,  F.R.S. 

"  Chips  and  Chapters,  a  Book  for  Amateur  and  Young  Geolo- 
gists,'* by  David  Page ;  from  the  President,  William  Carruthers, 
Esq.,  F.R.S. 

The  following  were  elected  Members  of  the  Association : — 

The  Rev.  J.  L.  Knowles ;  J.  Campbell  Oman,  Esq.  ;  Tudor 
Rogers,  Esq. ;  and  Thomas  D.  Russell,  Esq. 

The  following  Papers  were  read : — 
1.  On  thb  Sbgtion  of  the  Chloritic  Marl  and  .Upper  Grebn- 

8AND    ON    THB    NORTHERN    SiDB   OF    SwANAGE    BaT,   DoESBT. 

By  H.  George  Fordham,  Esq.,  F.G.S. 

At  the  stage  to  which  geological  knowledge  has  now  attained,  I 
believe  that  students  of  geology,  who  have  but  a  limited  time  at 
their  disposal,  will  best  further  the  interests  of  the  science  by  the 
careful  examination  of  some  of  the  many  undescribed,  or  but  little 
known  sections,  and  by  placing  on  record  their  observations. 
The  facts  thus  obtained  will,  in  course  of  time,  by  their  accu- 
mulation and  comparison,  lead  to  a  valuable  increase  in  our  know- 
ledge of  the  state  of  the  earth  in  the  past.  Such  work  is  the 
most  suited  to  members  of  an  Association  like  this ;  and  if  it 
could  be  systematically  pursued  by  a  number  of  our  Members,  the 
results  would  soon  become  of  importance. 

With  this  idea,  I  beg  to  place  before  the  Association  an  account 
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of  a  section  which  exhibits  the  Chalk  Marl,  Chloritic  Marl,  Upper 
Greensand  and  Gault,  and  is  sitaated  on  the  northern  side  of 
Swanage  Bay.  It  will  be  found  on  Sheet  16  of  the  Geological 
Survey  Maps  on  the  one-inch  scale. 

The  section,  which  has  a  general  direction  of  about  E.  and  W., 
and  is  about  half  a  mile  in  length,  is  somewhat  irregular,  and  is, 
in  places,  much  obscured  by  debris.  The  beds  dip  at  the  eastern 
extremity  of  the  section,  58°  N.N.E.,  and  towards  the  centre  60° 
in  the  same  direction,  and  their  strike  is  therefore  E.S.E.  and 
W.N.W.,  which  approaches  rather  nearly  to  the  direction  of  the 
face  of  the  section.  The  irregularity  and  obscurity  of  the  latter 
combined  with  the  dip  of  the  beds,  make  it  rather  difficult  to 
obtain  accuracy  in  estimating  the  thickness  and  order  of  the 
different  divisions.  The  debris  has  been  mostly  formed  by  the 
fall  of  the  Upper  Chalk  beds  from  the  high  cliffs,  and  in  view  of 
the  possibility  that  future  falls  may  cover  up  the  whole  or  a  great 
part  of  the  section,  it  is  desirable  that  the  succession  of  the  beds 
and  their  characteristics  should  be  registered. 

In  passing  along  the  shore  from  Ballard  Hole  to  Punfield  Cove, 
the  whole  series  of  beds  from  the  "  Chalk  Rock"  to  the  Gault  is 
seen,  cither  in  the  cliffs  or  on  the  shore ;  except  a  small  break 
(caused  by  a  large  mass  of  fallen  chalk)  in  the  Chalk  Marl. 

The  "  Chalk  Rock,"  which  seems  to  succeed  very  closely  the 
lower  beds  of  the  Chalk  with  flints,  rests  on  solid  White  Chalk  with- 
out flints,  and  this  is  followed  by  the  Chalk  Marl,  or  Grey  Chalk ; 
but  as  none  of  these  beds,  except  the  latter,  are  easily  accessible 
without  a  boat,  I  did  not  examine  them  closely,  and  merely  mention 
them  by  way  of  introduction  to  the  succeeding  strata.  The  point 
at  which  my  notes  commence  is  where  a  thick  slightly-bluish  bed, 
composed  to  a  great  extent  of  a  branching  sponge,  a  species  of 
Bracktolites,  is  seen  on  the  shore.  Below  this  is  a  series  of  hard 
and  soft  alternating  beds,  the  harder  generally  containing  more  or 
less  of  the  Bracktolites f  and  having  at  its  base  two  sandy  beds  with 
phosphatic  nodules ;  this  extends  nearly  down  to  the  Chloritic 
Marl,  being  separated  from  it  by  about  80  to  40  feet  of  similar 
beds,  but  without  Brachiolttes.  The  total  thickness  from  this 
uppermost  Brackiolites-hed  to  the  top  of  the  Chloritic  Marl  I  have 
estimated  at  from  130  to  140  feet. 

Mr.  Whitaker,  in  a  paper,  "  On  the  Chalk  of  the  Southern  Part 

o  o 
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of  Dorset  and  Devon,"*  in  writing  of  this  section,  says  : — "  The 
Chalk  Marl  has  a  thick  grey  be<1  at  top,  and  seems  to  be  aboat  60 
feet  thick.  It  is  succeeded  by  hard,  bedded  Chalk  without  flints, 
which  again  is  soon  succeeded  by  a  thin  layer  of  the  Chalk  Rock," 
— from  this  it  would  appear  as  if  my  "  Upper  Brachiolites-hed  " 
is  the  same  as  Mr.  Whitaker's  "  thick  grey  bed,"  and  may  be 
taken  as  the  top  of  the  Chalk  Marl ;  if  this  is  the  case  it  will  give 
to  that  deposit  a  much  greater  thickness  than  Mr.  Whi taker 
supposes  it  to  have. 

Messrs.  Conybeare  and  Phillips  have  alluded  to  this  section  in 
their  **  Outlines  of  the  Geology  of  England  and  Wales,"  at  page 
85,  as  follows  : — 

"  At  Handfast  Pointy  on  the  coast  of  Dorsetshire,  the  flinty 
Chalk  is  600  feet  thick,  and  that  without  200  feet,  but  the  peculiar 
position  of  this  stratum  at  this  place  should  make  us  cautious  of 
relying  on  any  estimate  of  its  thickness,  unless  we  are  told  in  what 
manner  it  has  been  taken.*' 

I  should  prefer  to  call  the  beds  below  the  phosphatic  beds  Chalk 
Marl,  and  those  above,  characterized  by  the  presence  of  Brackio- 
liteSy  Grey  Chalk,  As,  however,  I  have  no  pal  aeon  tological 
evidence  to  offer  (except  the  fact  of  the  persistence  of  the  Brachta- 
litea  through  the  Grey  Chalk),  other  fossils  being  generally 
scarce,  I  do  not  wish  to  consider  my  divisions  other  than  tem- 
porary. 

This  series  of  Brackhlites-heds  (Grey  Chalk)  has  a  thickness  of 
about  100  feet,  and  has,  at  its  base,  as  I  have  stated  above,  two 
beds  of  phosphatic  nodules ;  below  the  lowest  of  these  are  about 
80  to  40  (?)  feet  of  white  and  bluish-white  solid  marly  chalk 
(Chalk  Marl),  and  this  passes  into  the  Chloritic  Marl,  a  bluish 
marly  clay,  with  glauconitic  grains,  small  quartz  grains  and 
phosphatic  nodules,  four  feet  thick,  resting  on  the  Upper  Green- 
sand. 

The  Upper  Greensand  'is  from  65  to  70,  or  perhaps  75  feet  in 
thickness,  and  consists  of  light  yellowish-green  sandy  beds  in  its 
upper  part,  and  bluish-green  clayey  beds  in  its  lower  part ;  it  also 
contains  many  beds  of  concretionary  stones,  like  the  beds  in  the 
Isle  of  Wight,  and  nodules  of  phosphate  of  lime  and  of  pyrites, 

•  Qtiart.  Joum.  Geol,  Soc,  Vol.  zzvii,  p.  93. 
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The  phosphatic  nodules,  which  often  take  the  form  of  casts  of 
shells,  etc.,  are  generally  of  a  brownish,  rotten  material ;  but  occa- 
sionaUy  a  hard  black  phosphate  occurs ;  neither  kind  is  very  abun- 
dant, the  former  being  more  prevalent  in  the  lower  and  more  clayey 
beds.  Many  of  the  fossils  in  the  upper  part  of  the  Greensand  are 
very  fragile,  and  the  majority  of  them  are  unmineralized,  and  never 
adhere  to  or  contain  phosphate. 

The  G^ult  is  seen  on  the  shore  towards  the  western  end  of  the 
section  near  Pnnfield  Gove,  and  has  about  25  to  85  feet  exposed 
amongst  the  boulders  forming  the  beach ;  the  bed  which  I  have 
taken  as  the  base  of  the  Upper  Greensand  is  here  seen  as  a  thick 
layer  of  bluish  stone  resting  on  the  Gault.  The  Gaultis  a  bluish- 
green  sandy  clay,  very  dark  (almost  black)  when  wet,  but  weather- 
ing to  a  lighter  colour ;  it  contains  no  phosphatic  nodules,  and 
fossils  are  not  common.  There  are,  however,  a  few  fossils  which 
seem  to  occur  in  little  groups  ;  they  are  very  fragile.  In  Punfield 
Cove  itself,  only  a  slight  trace  of  the  upper  part  of  the  Upper 
Greensand  is  observable,  the  other  beds  are  entirely  covered  up 
by  fallen  material  and  vegetation. 

I. — Grey  Chalk,  108  feet. 

Alternate  beds  of  bluish  clayey  marl,  and  harder,  whiter  beds ; 
the  latter  often  in  great  part  made  up  of  Brachiolitea,  A  few  small 
nodules  of  pyrites  are  scattered  about  in  the  lower  beds.  At  the 
top  are  two  well  marked  Brachiolitea-hedi^.  About  84  feet  from 
the  top  the  beds  become  yellowish,  and  slightly  sandy,  with 
streaks  of  lighter  marl ;  a  bed  of  scattered,  small,  light-coloured' 
phosphatic  nodules  is  here  present. 

A  few  feet  further  down,  at  about  97  feet  from  the  top,  there 
are  a  few  small  nodules  of  pyrites. 

From  the  99th  to  the  108rd  foot  is  a  dense  BrachioUtes-hedy 
containing  dark  ramified  masses  and  a  few  nodules  of  pyrites  and 
phosphate ;  this  rests  on  a  more  clayey  and  darker  bed.  This  last 
Brachiolites-hed  becomes,  in  some  places,  more  phosphatic  and 
lighter,  forming  a  second  Phosphatic  Nodule  bed. 

Fossils  prom  thb  Phosphatb  Bbds. 

Nantilns  elegans,  (?)  Sow,    b.  p.  Terebratnla  ovata  (?)  Sow, 
Ammonitee  navicalaris,  Sow,  ,9  large  sp. 

Ostrea  veBicnlaris,  Sow,  Serpola  antiqnata,  Sow, 

FHcatnla  peotinoides,  Sow.  Discoidea  Bubacnlus,  Klein, 
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II. — Chalk  Marl,  40  ?  feet. 

[The  section  is  here  obscured  by  fallen  masses,  the  portion  hidden 
being  estimated  at  about  20  feet.] 

The  lower  20  feet  consists  of  compact  white  beds,  alternating 
with  clajej,  bluish  fissile  beds,  and  contain  no  phosphatic  nodules 
or  Brachiolitea  ;  no  fossils  apparent  in  the  small  surface  exposed. 
This  passes  down  into  the  Ghloritic  Marl. 

III. — Ghloritig  Marl, 4  feet.  Characteristic  fossil  Rhynchonella 
Mantelliana,  Sow, 
The  upper  foot  of  this  contains  a  little  glauconite  and  phos- 
phate, and  may  be  taken  as  the  passage  bed  into  the  Chalk  Marl 
above.  The  remaining  three  feet  are  a  bluish  clayey  marl,  with 
streaks  and  markings  of  a  lighter  colour,  and  are  sometimes  stained 
with  oxide  of  iron.  This  bed  has  small  nodules  of  phosphatei 
and  much  glauconite,  mixed  with  quartz  grains.*  Its  junction 
with  the  underlying  Upper  Greensand  is  irregular  but  well 
marked. 

Fossils. 

Otodns  appendionlatns,  Ag,  Terebratnla  biplicata,  Sow. 
NaatilnB,  sp.  „         semiglobosa,  Sow. 

Ammonites  rostratos,  Sow.  b.  p.  ,t         sp*  P    b.  p. 

„  yarians,  Sow.  Bhynohonella  Imeolata,  PhilL 

Scaphites  simplex,  var.  Hugar-  „         Hantelliana,  Sow. 

dianus,  D*Orh.  Gidaris,  spine. 

Ostrea  vesicolaris  ?  Sow.  Serpnla,  sp. 
Peoten  qnadricostatuB,  Sow,  „        sp. 

Cardita  ?    sp.    b.  p. 

IV. — Upper  Greensand,  about  70  feet. 

a.  A  rough  stony  bed,  formed  of  masses  of  concretions  (weather- 
ing to  a  rounded  rough  surface)  in  a  light-green  glauconitic  sand ; 
it  contains  many  specimens  of  Pecten  aaper,  Pecten  orbiculariSj 
Exogyra  vesiculosa^  etc.,  with  but  few  phosphatic  nodules.  5  to  6 
feet.  Characteristic  fossils,  Pecten  aspevj  Pecten  orbicularis^ 
Exogyra  vesiculosa  and  Terebratella  pectita. 

Fossils. 
Ammonites  splendens,  Sow.  bn.  p.      Pecten  qnadriooBtatns,  Sow. 
Pecten  asper,  Sow.  „       interstriatns  (?),  Leym. 

„       orbicularis,  Sow.  Exogyra  oonioa,  Sow.  yar.  undata. 

*  When  digested  with  dilnte  hydrochloric  acid  and  washed,  the  reeidnnm 
consists  of  about  equal  qoantities  of  small,  white,  rounded  quartz  grains 
and  green  glauconite  grains. 
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Exogyra  Tesionlosa.  Gaonllraa  glabra,  Park,    bn.  p. 

„        baliotoidea,  P  Sow,  Terebratella  peotita,  Sow, 

Ostrea  oanaUonlata,  P*  Orb,  Yermioalaria  oonoaya.  Sow, 

b.  A  Bofty  light-coloured  green  sand,  with  a  few  scattered  con- 
cretions like  those  in  the  bed  above.  4  feet.  Characteristio  fossil, 
Exogyra  columba. 

Fossils. 
Fecten,  sp.  Trigonia,  sp.    b.  p. 

Panopcoa  plicata.  Sow,    bn.  p.  Yermioalaria  oonoava,  Sow , 

Bzogyra  oolamba,  Sow,  Serpula,  sp. 

Ostrearyesionlaris  (F),  Sow,    b.  p. 

c.  Much  like  b,  but  without  concretion,  and  containing  a  few 
small  nodules  of  pyrites  and  small,  broken,  rotten,  brownish  phos- 
phatic  nodules,  and  also  broken  fragments  of  shells  and  uianj  Ver- 
mkularia.     It  is  very  friable.     17  feet. 

Fossils. 
Ammonites  rostratus,  Sow,  Exog^yra  haliotoidea,  Sow, 

Peoten  interstxiatos  (?),  Leym, .  Gidaris  (spine). 

„      qnadricostatuB,  (?)  Sow,  Yermicalaria  ooncava,  Sow, 

Ostrea  vesioalaris  (?),  Sow.  Serpnla  annnlata,  Dixon, 

Exogyra  oolumbai  Sow,  „        sp. 

d.  Stone-bed : — Solid  concretions,  in  places  forming  a  continuous 
band.     Coloured  reddish  with  oxide  of  iron.     0  to  1^  feet. 

e.  Soft,  darkish  greensand  with  Vermicularia,  etc.,  like  c.  1  to 
2  feet. 

/.  Two  irregular  stone  beds  with  sand  between.  They  some* 
times  coalesce  and  form  one  bed.     1  to  2^  feet. 

Fossil. 
Bhynohonella  oompressa,  LariK  b.  p. 

g.  Like  c,  but  becoming  more  clayey  and  bluish.    4  to  6^  feet. 
h.  Stone  bed,  like  d,     1  to  2^  feet. 

Fossils. 
Peoten  qnadrioostatns,  Sow,  b.  p.        CnoullsBa  glabra*  Pn^k,   bn.  &  b.  p. 

,,      interstriatns  (?),  Leym,  Trigonia,  sp.     b.p. 

Exogyra  oonioa,  Sow,  Panopssa  plioata.  Sow,    b.  p. 

Ostrea  yesicnlaris  (?),  Sow,  Yermionlaria  oonoara,  Sow, 

Ostrea  oanalionlata,  I/Orh, 

t.  Bluish  sandy  clay.     6  to  14  feet. 

Fossil. 
Yermioalaria  concava,  Sow, 
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y.  Stone  bed  ;  Yerj  continuous,  and  weathering  to  a  ligbt-blae 
with  white  veins.     1^  feet. 

Fossils. 
Ammonites  rostratns,  Sow.  Area  MaiUeana  (P)>  -D*  Orb*    bn.  p. 

Pecten  orbionlaris,  Sow.  Yermionlaria  oonoava,  Sow, 

CacnllsBa  glabra.  Park,    b.  p. 

k.  Like  t.     17^  feet. 

Fossils. 
Dentalimn  decnssatam,  Sow.    b.  p.      Ostrea,  sp.  P 
Aroa  (CncnllsBa)  carinata,  Sow.  b.  p.    Trigonia,  sp.    b.  p. 
Thetis  Sowerbii,  BOm.    bn.  p.  Yermionlaria,  sp. 

Ezogyra,  sp.  P 

/.  Like^.     Besting  on  Gault.     2  feet. 

Fossils. 
Plicatnla  inflata,  Sow,  Feoten  qnadriooBtatns,  Sow, 

V, — Gault. 

The  fossils  above  enumerated  are  those  which  I  obtained  from  the 
beds  during  a  few  days'  work,  and  probably  represent  only  the  more 
common  species.  Those  which  occur  as  casts  iu  dark-coloured  or 
black  phosphate  are  distinguished  by  the  letters  b.  p.  after  them ; 
those  in  light-brown  phosphate  by  the  letters  bn.p.  The  remainder 
are  found  without  phosphate  being  in  any  way  attached  to  them. 

The  whole  series  of  beds  from  the  top  of  the  Chalk  to  the  Gault 
is  fairly  continuous,  the  only  slight  break  being  between  the 
Chloritic  Marl  and  the  Upper  Greensand.  The  latter,  in  its 
lower  beds,  becomes  clayey,  and  shows  a  passage  into  the 
Gault;  it  may  be  roughly  divided  into  Jwo  parts.  The 
Upper,  down  to  the  bottom  of  bed/,  being  a  light  green  soft  sand, 
with  the  majority  of  its  fossils  unphosphatic ;  this  is  about  thirty 
feet  thick.  The  Lower  division  is  of  a  darker  colour,  and  more 
clayey  material,  and  most  of  its  fossils  are  in  the  form  of  phos- 
phatic  casts,  usually  broken,  and  without  their  shells.  This  is 
about  thirty-seven  to  forty  feet  thick. 

In  the  preceding  I  have  used  the  term  "  Chloritic  Marl,"  to 
signify  the  lowest  bed  of  the  Chalk  Marl,  which  is  characterised 
by  the  presence  of  glauconitic  grains  and  phosphatic  nodules,  and 
a  Chalk  Marl  fauna,  mixed  with  many  derived  phosphatic  casts  of 
fossils.     This  bed  may  be  traced  along  the  whole  of  the  sections  of 
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the  beds  of  this  horizon  on  the  south  coast  of  England  from  East- 
boarne  to  Beer  Head,*  and  is  always  seen  resting  upon  what  I 
consider  the  true  Upper  Greensand  ;  it  is  represented  in  Cam- 
bridgeshire by  the  well-known  Phosphatic  Nodule  (or  "  Coprolite'*) 
bed.  At  Eastbourne  it  is  four  to  fi^e  feet  thick,  passing  upwards 
into  the  Chalk  Marl,  and  downwards  into  a  homogeneous,  unfossi- 
liferous  Greensand ;  in  the  Isle  of  Wight,  at  Culver  Cliff,  it  is 
represented  (?)  by  a  clayey  band  about  one  foot  nine  inches  thick, 
resting  on  the  Upper  Greensand  with  a  pretty  clear  line  of  junction, 
and  passing  up  into  a  sandy  marl  with  a  few  scattered  nodules  of 
phosphate  of  lime,  and  it  is  ^'  about  fiye  feet  thick  on  the  edge  of 
the  cliff  at  St.  Catherine's  Down."t  At  Beer  Head  and  in  the 
adjacent  sections  it  is  probably  represented  by  Mr.  Meyer's  bed 
No.  18,J  which  is  described  by  him  as  **  Greyish  or  brownish 
chalk,  with  green  grains,  quartz  grains,  and  phosphatic  nodules. 
Thickness  variable :  four  feet  at  White  Cliff,  five  feet  at  Beer 
Head,  four  feet  at  Weston  Mouth,  two-and-a-half  feet  at  Duns- 
comb."  §  On  the  preceding  page  he  writes  of  the  bed  below. 
"The  top  of  this  bed  (No.  12)  presents  an  uneven  surface 
at  its  junction  with  the  next  above,  the  junction  of  the  two  being 
also  marked  in  places  by  a  ferruginous  line.**|| 

The  slight  line  of  unconformability  (if  it  may  be  called  so), 
between  this  Chloritic  Marl  and  the  underlying  Upper  Greensand 
I  consider  to  be  important,  marking  as  it  does  a  change  from 
arenaceous  to  calcareous  conditions,  and  being  followed  by  a  bed 
containing  such  strong  evidence,  in  its  derived  fossils,  of  a  wide- 
spread, although  probably  not  very  long-continued,  denuding 
action.  I  do  not  wish  it  to  be  assumed  that  I  consider  this  a 
zone  of  great  change  ;  it  is  one  of  minor  importance  if  regarded 
from  a  large  stratigraphical  standpoint,  but  in  connection  with  the 
smaller  divisions  of  the  Cretaceous  rocks,  it  is  from  its  persistence 
over  large  areas  very  valuable. 

Another  point  worth  notice  in  this  section  is  the  presence  of 

*  ''On  the  Cretaceons  Rocks  of  Beer  Head  and  the  adjacent  ClifP* 
BectionB,  etc.,"  by  0.  J.  A.  M6yer,  P.G.S.,  Quart.  Jonm.  Geol.  Soc.,  Vol.  xxx, 
p.  369. 

t  "  Memoirs  of  the  Greological  Survey  of  Great  Britain.  The  Geology  of 
the  Isle  of  Wight"  by  H.  W.  Bristow,  P.G.S.,  p.  25. 

X  **  On  the  Cretaceous  Rocks  of  Beer  Head,  etc.,"  by  C.  J.  A.  M6yer, 
F.G.S.,  Quart.  Joum.  Qeol,  Soc.,  VoL  xxx,  p.  377. 

§  Ibid,  p.  377. 
Ibid.  p.  876. 
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two  sandy  beds  with  phosphatic  nodules  in  the  Grey  Chalk  or 
Chalk  Marl.  These  beds  bear  so  much  resemblance  to  the  Tottem- 
hoe  Limestone,  and  their  position  is  so  nearly  the  same  that  they 
may  be  provisionally  referred  to  that  horizon.  The  Tottemhoe 
Limestone  is  described  by  Mr.  Whitaker*  as  follows: — 
'^  The  stone  in  question  is  a  rather  sandy  limestone,  harder 
and  darker  than  common  chalk,  containing  many  very  small 
dark  grains,  and  generally  a  few  small  hard  dark-brown  nodules 
(coprolitic  ?)  and  fossils.  There  are  often  two  beds,  of  no  great 
thickness  (three  or  four  feet),  separated  by  a  few  feet  of  marl. 
.  .  .  .  The  Tottemhoe  stone  has  been  traced  .  .  .  from 
near  Henton,  at  the  eastern  edge  of  Oxfordshire  to  near  Hitchin  in 
Hertfordshire,  and  its  occurrence  has  been  noticed  farther  north- 
east'* (p.  89).  On  the  preceding  page  (p.  38),  Mr.  Whitaker 
writes : — **  The  said  stone  really  forms  the  top  of  the  Chalk 
Marl,  and  is  about  eighty  feet  above  the  true  Upper  Greensand." 
It  is  much  to  be  regretted  that  the  Memoir  docs  not  contain 
any  list  of  fossils  from  this  bed.  It  will  be  noticed  that  the  re- 
semblance between  the  above -described  beds  and  the  Phosphatic 
beds  at  Swanage  is  very  close. 

On  reference  to  Mr.  Meyer's  valuable  paper  on  the  Beer  Head 
and  neighbouring  sections,!  the  similarity  between  the  lithological 
and  palaeontological  divisions  observable  in  the  Lower  Cretaceous 
rocks  in  that  locality  and  at  Swanage,  will  be  observed.  A  brief 
comparison,  and,  as  far  as  possible,  correlation  of  the  beds  at 
Swanage  with  the  typical  section  as  given  by  Mr.  Meyer  for  the 
Beer  Head  district  may  be  useful.  I  must  first  observe  that  I 
differ  (and  it  is  with  great  diffidence  that  I  venture  to  differ 
from  so  high  an  authority)  from  Mr.  Meyer  in  the  use  of  the 
term  "  Chloritic  Marl."  Mr.  Meyer  has  identified  with  (in 
his  words),  "the  so-called  'Chloritic  Marl'  of  the  Isle  of 
Wight,"  his  beds  10,  11,  and  12,  which  I  believe  represent  the 
beds  in  the  Swanage  section,  which  I  have  called  a  and  b  (and 
perhaps  part  of  c),  belonging  to  the  true  Upper  Greensand. 
I  have  already  stated  that  I  consider  Mr.  Meyer's  bed,  No.  13, 
and  my  '^  Chloritic  Marl "  are  the  same  bed,  and  form  the  base  of 
the  Chalk  Marl. 

There  is  but  little  doubt,  I  think,  that  in  the  Swanage  section, 

♦  "  Memoirs  of  the  Geological  Survey,"  Vol.  iv,  Part  I,  pp.  38  and  89. 
t  Quart.  Joum.  Geol.  tioo.,  VoL  xzx,  p.  369. 
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the  beds,  a  (characterised  by  Pecten  aaper,  P,  orbicularis,  Exogyra 
vesiculosa,  and  Terehratella  pectitd),  and  b  (characterised  by 
Exogyra  colximha\  are  the  equivalents  of  beds  12,  11  and  10,  of 
Mr.  Meyer's  section ;  my  beds  c  to  ^r,  tj^en  probably  represent 
Mr.  Meyer's  beds  9  to  5  ;  and  the  remainder  of  the  beds  which  I 
have  considered  as  Upper  Greensand  would  then  be  equivalent  to 
beds  4  to  2  in  the  Beer  Head  district.  There  certainly  does  not 
seem  to  be  any  of  the  true  GauU  (as  seen  at  Swanage  and  in  the 
Isle  of  Wight)  in  the  Beer  Head  district ;  and  if  any  of  the  beds 
there  are  to  be  correlated  with  the  Gault,  a  perfect  passage  exists 
there  between  the  equivalents  of  the  Gault  and  Upper  Greensand. 
In  my  Swanage  Bay  section  I  have  placed  the  base  line  of  the 
Upper  Greensand  below  the  lowest  stone-bed  (/),  and  have  con- 
sidered these  concretionary  layers  characteristic  of  the  Greensand ; 
but  there  is  no  very  strong  ground  for  doing  this,  and  the  whole  of 
the  lower  part  of  the  section  might  be  considered  as  Gault.  I 
think,  however,  that  the  character  and  appearance  of  the  rock 
(as  compared  with  undoubted  Gault  at  Swanage]  is  in  favour  of 
placing  the  line  where  I  have  placed  it,  the  beds  below  being  a 
decided  clay,  and  the  manner  of  preservation  of  the  fossils  being 
more  like  the  typical  Gault. 

If  I  am  right  in  drawing  the  base  line  of  my  Upper  Greensand 
below  my  bed  /,  it  would  probably  follow  that  the  base  of  the 
Upper  Greensand  at  Beer  Head  ought  to  be  placed  somewhere  in 
bed  2,  or  lower.  In  fact  my  impression  is  that  the  Gault  is  not 
represented  at  Beer  Head,  and  that  the  Upper  Greensand  there 
rests  directly  on  various  older  rocks.  It  is  indeed  quite  reasonable 
to  suppose  that  in  the  gradual  thinning  out  which  has  taken 
place  in  the  Lower  Cretaceous  deposits  in  passing  towards  the 
west,  and  in  the  increase  of  littoral  conditions,  the  lower  beds 
should  thin  out  first,  for  the  higher  we  get  the  more  oceanic 
become  the  deposits. 

In  concluding  these  few  remarks,  which  I  hope  may  be  fortunate 
enough  to  arouse  discussion  on  some  of  the  points  raised,  I  mnst 
express  my  thanks  to  Mr.  A.  J.  Jukes- Browne  for  his  kindness  in 
looking  over  some  of  my  fossils. 
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2.  Notes  on  the  Kimmeridob  Clay  of  the  Isle  of  Purbegk. 

By  W.  R.  Brodie,  Esq. 
{Abstract) 

The  Kimmeridge  Clay  oommences  below  St.  Alban's  Head, 
where  it  is  overlaid  by  Portland  Oolite  and  Pnrbeck  Limestone. 
Beds  of  a  grey-coloured  limestone  containing  marine  shells,  oysters, 
and  ammonites,  immediately  underlie  the  Portland  Beds.  These 
may  be  the  Upper  Passage-beds  or  the  uppermost  beds  of  the 
Kimmeridge  Clay  shales.  They  continue  from  St.  Alban's  Head 
through  Chapman's  Pool,  and  extend  towards  Encombe  Park. 
They  are  lost  sight  of  inland,  but  reappear  on  Gadcliff  several 
miles  to  the  westward. 

At  Chapman's  Pool,  in  paper -shales,  the  following  fossils  have 
been  obtained : — Jaws  of  small  saurians,  belemnites  large  and 
small,  Coccoteuthia  latipinnis,  Owen,  several  species  of  squids,  and 
marine  shells. 

Eastward  of  Encombe  Park  occur  remains  of  fish  and  Crustacea 
in  black  pyritous  shales,  which  give  an  offensive  odour.  At 
Encombe  Point  we  find  Fliosaurus  grandia,  spine  of  Hybodas,  and 
other  fish  remains,  cuttle  fishes,  and  ammonites.  In  black  oolitic 
shales,  at  the  same  locality,  in  beds  running  out  to  sea,  jaws  of 
reptiles  and  fish  differing  from  those  found  at  other  points.  Saurian 
vertebrse,  three  species  of  Pterodactyle  resembling  those  from 
the  Dorsetshire  Lias,  zoophytes  and  fruits. 

Three  or  four  miles  to  the  westward  is  Kimmeridge  Bay,  where 
the  paper-shales  and  the  black  bituminous  shales  are  again  met 
with.  Not  very  far  from  Gadcliff,  at  the  termination  of  the  out- 
crop of  the  Kimmeridge  Clay,  Coccoteuthia  latipinnia,  figured  and 
described  by  Professor  Owen,  was  first  discovered  by  the  author, 
who  also  claims  to  have  first  found  remains  of  cuttle  fish  in  the 
Oolites  of  that  part  of  England.  At  this  place  there  have 
been  found  a  jaw  with  teeth  of  a  crocodilian  reptile  (in  the  thin 
shale  beds),  operculum  associated  with  ammonites,  reptilian  bone 
described  by  Owen  (Pal.  Soc.  Vol.  for  1875),  several  species  of 
ammonites,  and  fossil  wood. 

At  Bucknowle,  south-west  of  Corfe  Castle,  we  find  black  earth 
with  pottery,  human  bone,  and  flint  implements,  covering  a  thin 
■earn  of  loam,  which  reposes  on  a  deposit  containing  stones  from  a 
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distaDce,  flint  implements,  burnt  wood,  &c.  The  flints  in  the 
lowermost  deposit  are  of  the  largest  form,  and  differ  macb  from 
those  in  the  uppermost  bed.  Land,  freshwater,  and  marine  shells 
occur,  along  with  remains  of  deer,  ox,  bear,  lion,  and  fox.  A 
limestone  implement  has  also  been  found.  Remains  of  elephant, 
deer,  and  ox  have  been  foand  in  gravel  in  Encombe  Park.  North 
of  this  locality  a  section  shows  the  presence  of  the  following 
beds: — 

Middle  Chalk,  with  flints. 

Upper  Greensand. 

Gault,  with  fossils. 

Lower  Greensand,  with  fossils. 

Wealden  Beds. 

Upper  Purbeck  or  Middle  Wealden. 

Marble  beds,  with  freshwater  turtles,  Cypris^  and  Unto, 


EXCURSION  TO  HATFIELD.— May  18,  1876. 

Director  —  John  Hopkinson,  Esq.,  F.L.S.,  F.G.S.,  Hon.    Sec. 
Watford  Natural  History  Society. 

(Report  by  Mb.  Hopkinson.) 

On  this  occasion  the  Association  for  the  second  time  met  the 
Watford  Natural  History  Society  and  Hertfordshire  Field  Club,  the 
members  of  which  arrived  at  Hatfield  mostly  by  special  train  from 
St.  Albans,  and  at  the  place  of  meeting,  the  principal  entrance  to 
Hatfield  Park,  the  two  societies  were  represented  by  a  party  of 
about  130  ladies  and  gentlemen.  Permission  to  see  over  Hatfield 
House,  and  to  visit  the  Hatfield  Park  Kiln,  had  been  kindly 
granted  by  the  noble  owner,  the  Marquis  of  Salisbury. 

The  house,  which  was  first  visited,  is  necessarily  more  of  his- 
torical than  geological  interest.  It  is  built  on  the  site  of  the 
palace  of  fiishop  Morton,  which  was  erected  about  the  end  of  the 
fifteenth  century,  and  of  which  a  fragment  still  remains ;  and  on 
its  site  again,  from  the  commencement  of  the  twelfth  century,  an 
episcopal  residence  had  existed.  The  present  mansion  was  com- 
menced in  1607,  and  the  materials  used  in  its  construction  by  its 
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builder  and  architect,  Robert  Cecil,  Earl  of  Salisbury,  consisted 
chiefly  of  Caen  stone,  with  stone  from  Tattenhall,  Worksop,  and 
the  Northamptonshire  quarries,  and  bricks  and  flints  from  the 
old  palace  which  had  fallen  into  decay. 

After  spending  a  considerable  time  in  the  house  and  grounds,  the 
party  proceeded  across  the  park  to  the  brick-fields,  noticing  on  the 
way  Queen  Elizabeth's  favourite  oak,  under  which  she  was  sitting 
when  the  news  was  brought  to  her  that  she  was  Queen  of  England, 
and  the  fine  less-decayed  oaks  and  other  trees  for  which  this  park 
is  so  justly  famed. 

In  the  pits  here,  the  Upper  Chalk,  and  all  the  beds  present  at 
the  northern  outcrop  of  the  London  Tertiaries,  are  exposed,  and 
areoverlaid  by  the  High-level  Gravel  of  Post-Pliocene  age,  the 
outline  of  which  is  well  defined  by  the  moistness  of  the  surface  of 
the  ground  around  it.  The  section  was  described  and  compared 
with  the  sections  of  the  same  beds  seen  in  the  neighbourhood  of 
Watford  and  elsewhere,  both  north  and  south  of  the  Thames.  A 
description  of  the  section  has,  however,  previously  appeared  in  the 
Proceedings  of  the  Association  (Vol.  iii,  page  241)  in  Mr.  Lobley's 
report  of  an  excursion  to  Hatfield  in  1878,  to  which  report  refer- 
ence should  also  be  made  for  information  on  the  geology  of  the 
immediate  neighbourhood. 

In  the  basement  bed  of  the  London  Clay  a  few  fossils  were 
collected,  and  the  members  of  the  two  societies  then  returned  to 
Hatfield  across  the  park  in  detached  parties,  and  thence,  after  par- 
taking of  tea  at  the  Salisbury  Arms,  to  their  respective  destina- 
tions— London,  Watford,  and  various  parts  of  Hertfordshire — by 
rail  or  road,  having  spent  a  very  enjoyable  afternoon  in  one  of  the 
most  beautiful,  and,  for  its  historical  associations,  the  most  in- 
teresting park  in  the  county  of  Hertford. 


EXCURSION  TO  READING.— June  Srd,  1876. 

Director — Professor  T.  Rupert  Jones,  F.R.S.,  <fec. 
(Ue-poH  by  W.  H.  Hudleston,  Esq.,  M.A.,  F.G.8.) 

The  particular  group  of  sands  and  clays  which  immediately  over- 
lies the  Chalk  of  this  district,  has  received  the  name  of  the  "Wool- 
wich and  Reading  Beds''  from  the  fact  of  its  being  largely  developed, 
and  also,  what  is  quite  as  important,  perhaps,  largely  worked  for 
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economic  purposes,  in  the  neighbonrhood  of  those  two  towns.  These 
beds  represent  a  low,  though  not  qnite  the  lowest,  group  of  English 
Tertiary  formations,  and  as  there  are  no  Tertiary  beds  at  Reading 
itself  lower  in  the  series,  they  may  be  looked  upon,  in  this  area,  as 
the  base  of  the  London  Tertiaries.  In  this  neighbourhood  organic 
remains  are  scanty,  scarcely  any  shells  but  oysters  being  fonndy  and 
these  mostly  confined  to  one  bed.  In  this  respect  the  Reading 
representatives  of  the  group  differ  considerably  from  the  beds  at 
Woolwich  referred  to  the  same  geological  horizon. 

The  party  proceeded  at  once  to  Katesgrove  Pit,  on  the  further 
side  of  the  Kennet,  where  the  Messrs.  Poulton  kindly  admitted 
Members  to  inspect  this  large  excavation,  which  has  been  opened  for 
at  least  100  years.  After  a  brisk  discussion  as  to  the  origin  of  the 
name,  which  Mr.  Albcry  had  reason  to  believe  was  originally  ''  Cat- 
tle's Grove,"  a  very  curious  amphora  was  shown  to  the  party. 
Mr.  Poulton  pointed  out  where  the  Roman  relics  were  found  on 
Bob's  Mount,  and  the  Director  then  led  the  way  into  the  body 
of  the  excavation,  which  presents  a  fine  section  of  the  Reading 
Beds,  somewhat  impaired  by  landslips,  but  yet  exhibiting  in  most 
striking  contrast,  the  deep  purple  of  the  mottled  clays,  and  the 
very  pale  buff  of  the  underlying  sands.  A  portion  of  the  yeiy 
base  of  the  London  Clay  may  be  observed  in  one  part  of  the  sec- 
tion, succeeded  by  a  variable  deposit  made  up  of  re-arranged  drift 
and  sand,  with  occasional  quartzites,  the  whole  being  covered  by 
an  ancient  soil  full  of  split  flints.  Captain  Cooper  King  soon 
detected  several  of  artificial  origin,  in  which  the  bulb  of  percussion 
was  well  exhibited.  Before  quitting  this  pit  the  Director  drew 
attention  to  the  singular  effects  which  may  be  noted  in  a  pool,  having 
a  clayey  bottom,  in  process  of  drying-up.  In  the  first  place  he 
pointed  out  the  tendency  of  the  spaces  included  between  the  cracks, 
to  assume  definite  geometrical  figures,  and,  secondly,  the  curious 
reticulated  markings  in  slight  relief  which  cross  these  spaces,  and 
which  he  showed  to  be  due  to  the  mole-like  workings  of  a  small 
beetle,  a  specimen  of  which  was  secured. 

A  little  further  on  is  the  Waterloo  Pit,  where  an  interesting 
observation  was  made.  In  the  loose  white  sands,  which  here  con- 
stitute the  most  accessible  portion  of  the  Woolwich  and  Reading 
Beds,  two  irregular  bands  of  paleish  laminated  clay  or  loam,  gene- 
raUy  about  two  feet  apart,  were  observed,  and  portions  of  one,  if 
not  both  of  these,  were  largely  charged  with  leaves  of  dicotyle- 
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donous  plants,  and  notably  of  species  of  maple  and  poplar.  These 
fossil  leaves,  already  known  to  Mr.  Albnry,  serve  in  a  remarkable 
degree  to  establish  the  correlation  between  the  Woolwich  and  Read- 
ing Beds,  referred  to  this  group,  and  are  interesting  to  botanists 
as  one  of  the  earliest  instances  of  dicotyledonous  plants  occurring  in 
the  British  Islands.  Such  leaves  had  been  found  fossil  within  a 
mile  or  two  of  Reading  by  Mr.  Prestwich,  but  were  not  generally 
known  to  occur  so  close  to  the  town. 

The  party  now  crossed  the  valley  of  the  Kennet,  and  proceeded 
to  visit  the  pits  in  Coley-hill,  both  of  which  were  most  kindly 
thrown  open  to  their  inspection  by  the  proprietors,  Messrs.  Wheeler 
and  Messrs.  Collier.  The  foreman  of  Messrs.  Wheeler's  pit,  in 
anticipation  of  the  visit,  had  requested  the  workmen  to  preserve 
any  objects  of  interest,  and,  in  consequence,  a  fine  assortment  of 
oysters  and  of  sharks'  teeth  awaited  inspection.  The  base  of  the 
formation,  not  seen  by  the  party  upon  the  other  side  in  either  of 
the  pits  hitherto  visited,  was  finely  displayed  in  Wheeler's  pit, 
where  a  fresh  piece  had  been  cut  out,  exhibiting  the  entire  series 
down  to  the  Chalk  on  which  it  rests.  Here  the  Chalk  presents  a 
level  floor,  and  is  much  fissured  and  perforated  to  the  depth  of  about 
18  inches  below  its  junction  with  the  Woolwich  and  Reading  Beds. 
These  fissures  are  filled  in  with  the  material  of  the  Bottom-bed, 
which  consists  largely  of  glauconitic  grains,  clay,  and  flint  grit ; 
pieces  of  lydite  also  occur.  The  partial  decomposition  of  the 
iron  of  the  glauconite  has  discoloured  the  sides  of  these  fissures, 
which  would  seem,  from  certain  appearances  noted,  to  be  the  result 
of  the  roots  of  marine  plants,  which,  having  no  loose  stones  to 
cling  to,  must  have  either  forced  their  supports  into  the  little  chinks 
of  the  sea  bottom,  or  be  washed  away.  On  this  singular  surface 
rests  the  Bottom-bed,  which  is  a  strange  mixture  of  glauconitic 
grains,  clay,  subangular  green  flints,  and  small  flint  chips.  Here 
occur  the  sharks'  teeth  and  the  oysters,  the  latter  having  a  strong 
resemblance  to  those  of  our  British  seas,  although  known  to  palse- 
ontologists  as  Oatrea  bellovacina.  The  oysters  occur  principally  in 
a  bed  about  Sft.  above  the  Chalk ;  but  this  oyster-bed,  though  of 
wide  extent,  is  not  proved  everywhere  throughout  the  workings  on 
Coley  Hill.  Above  this  very  curious  "  Bottom-bed,"  which  seems 
to  be  a  mixture  of  almost  everything,  and  is  thoroughly  marine  in 
its  character,  occurs  a  mass  of  buff-coloured  sands  with  occasional 
blue  shales^  containing  much  carbonaceous  matter,  the  upper  portion 
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being  variegated  buff  and  grey  sands :  these  are  snrmonnted  by 
bedded  clays  of  various  colours,  in  which  purple  predominates — a 
curious  formation,  not  known  to  contain  any  fossils.     It  seems  to 
be  made  up  of  masses  of  other  clays,  all  pugged  together,  and  is 
possibly    derived  from   the  destruction   of  the   outcrop   of  some 
**  Secondary  "  clay,  as  it  was  slowly  raised  within  the  influences  of 
marine  denudation  during  the  earth -movements  which  mast  have 
taken  place  in  the  area  now  occupied  by  the  Thames  Basin  subse- 
quently to  the  deposition  of  the  Chalk.     The  top  of  these  clays  in 
Wheeler's  pit,  instead   of  being   capped    by  London  Clay,  as  at 
Katesgrove,  has  its  surface,  otherwise  level,  worn  into   a  perfect 
network  of  holes  and  caldrons,  which  are  filled  in  by  the  superin- 
cumbent gravel  and  remani^  drift.     The  effect  is  most  curious  to 
the  eye,  and  when  one  reflects  upon  the  enormous  interval  of  time 
which  this  singular  line  of  erosion  represents — an  interval  of  time 
greater  perhaps  than  that  between  the  top  of  the  Chalk  and  the  base 
of  the  series — it  must  be  admitted  that  a  section  may  be  almost  as 
remarkable  for  what  it  leaves  to  the  imagination  as  for  what  it 
actually  offers  to  view.  In  Collier's  pit,  on  the  north  side  of  Coley 
Hill,   although  the  same   general   subdivisions  prevail,  there  is 
sufficient  variety  to  prove  the  very  irregular  character  of  these  so- 
called  estuarine  beds.     The  especial  object  of  search  here  were  the 
**  clay-galls"  which  occur  in  some  of  the  sandy  beds.     When  Pro- 
fessor Rupert  Jones  and  Captain  King   drew  the  sections  sub- 
mitted to  the  Geological  Society  these  clay-galls  were  abundant ; 
yet  such  is  the  incredulous  nature  of  geologists  that  considerable 
doubts  as  to  these  galls  began  to  be  entertained  from  the  at  first 
apparent  difficulty  of  finding  any.     The  Director,  therefore,  and 
his  able  coadjutor.  Captain  King,  were  by  no  means  sorry  when  a 
considerable  number  of  these  remarkable  balls  of  clay  were  before 
long  found  in  the  sands.     Their  explanation  seems  a  very  good 
one,  namely,  that  during  the  deposit  of  this   variable    series  a 
channel  had  been  cut  through  a  recently  formed  clay,  such  channel 
being  flanked    by  little  cliffs   of   the    eroded    clay.      Sand  was 
subsequently  deposited  in  the  erosion,  and  pieces  of  clay  falling 
out  of   the  little  cliff  from  time  to  time  were  rolled  into  balls, 
sometimes    including   a   flint    pebble,  just  as   we    see  clay-galls 
now    formed    on    a    beach   with    a    cliff  of  clay.     These    were 
deposited  in  the  accumulating  sands,  which  have  a  greater  develop- 
ment on  the  north  side  of  the  hill  than  on  the  south.     A  remark- 
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able  oonfirmation  of  this  view  of  the  case  was  obtained  before 
leaviag  tbe  pit.  In  the  south-west  corner  a  series  of  pale  grey 
sands,  containing  a  band  of  pale  bine  clay  with  lignite  in  small 
fragpnents,  seemed  to  be  faulted  against  a  pale  blueish  clay.  On 
cleaning  out  the  apparent  fault,  this  was  observed  not  to  extend 
into  the  upper  beds,  showing  that  it  was  not  due  to  vertical  dis- 
placements, but  was  in  fact  the  side  of  an  erosion  subsequently 
filled  up  with  another  material.  Such  appearances  are  termed 
^  horse  faults  **  in  the  coal  mining  districts. 

The  examination  of  the  Woolwich  and  Reading  Beds  being  thus 
condaded,  the  party  adjourned  for  refreshment  to  the  Oeo^ge 
Hotel,  and  afterwards  inspected  a  number  of  bones  of  Mammalia 
recently  dug  out  of  the  Flummery  ditch,  and  which,  at  the 
instance  of  Mr.  Harrison  Jones,  had  been  kindly  lent  by  the 
Messrs.  Palmer,  and  were  exhibited  at  the  hotel.  Some  of  these 
occarred  in  a  peaty  deposit,  along  with  freshwater  shells,  below  the 
riyer  sands,  and  above  a  bed  of  gravel.  Some  came  from  the 
lowest  gravel.  Among  the  specimens  were  a  portion  of  a  human 
Bknll,  one  half  of  a  horse's  jaw,  very  perfect,  with  all  the  teeth ; 
Antlers  of  red  deer,*  very  fine;  the  skull  and  horn-cores  of  Bos 
longifrons,  and  the  thigh  bones  of  Bos  prirmgenius  7  besides  the 
remains  of  smaller  animals. 

The  services  of  the  Director,  and  of  the  local  gentlemen  accom- 
panying the  Excursion,  having  been  duly  acknowledged,  the  party 
in  the  afternoon  adjourned  to  Gaversham  Chalk  Pit.  Here,  after 
speculating  upon  the  origin  of  certain  masses  of  rotten  and  re- 
arranged chalk,  which  occur  on  the  surface  towards  the  lower  side 
of  the  pit,  most  of  the  Members  amused  themselves  by  cracking 
flints.  Although  no  Ventriculites  were  found,  some  very  pretty 
sponges  were  obtained,  besides  numbers  which  were  reduced  to  a 
pulverulent  condition,  either  by  the  tap  of  the  hammer,  or  from 
previous  decay  on  incomplete  silicification.  Professor  liupert  Jones 
urged  the  Members  to  secure  and  examine  some  of  the  white 
siliceous  dust  from  the  round  flints,  as  it  consists  of  beautiful 
minute  organisms. 

A  walk  up  Caversham  Hill,  where  the  new  buildings  are  being 
erected,  and  whence  the  contour  of  the  country  can  be  well 
studied,  completed  a  very  satisfactory  day's  work. 
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The  First  Irish  Cave  Exploration. 

By  G.  S.  BouLGER,  Esq.,  F.G.S. 

(Paper  read  February  4tth,  1876.) 
(Abstract.) 

The  greater  part  of  the  surface  of  Ireland  presents  to  view  rocks 
of  Old  Red  Sandstone,  Carboniferous,  and  Pleistocene  age.  In 
his  celebrated  paper,*  the  late  Professor  Jukes  points  ont  that 
going  round  the  west  coast  we  find  all  *^  the  headlands  from  Kerrj 
Head  to  Cape  Clear  are  formed  of  anticlinal  ridges  of  Old  Red 
Sandstone,  while  the  indentations  of  Tralee,  Dingle,  Kenmare, 
Bantry,  Dunmanus,  and  Roaring  Water  Bays  have  all  been  worn  in 
the  more  easily  destructible  Carboniferous  rocks  which  lie  in  syn- 
clinal troughs."  The  Carboniferous  Limestone  of  Ireland  is  one 
of  the  largest  aggregates  of  limestone  in  the  world,  but  it  has  been 
so  denuded  that,  from  Dublin  to  Galway,  we  can  cross  Ireland  over 
this  formation,  without  reaching  an  elevation  much  above  300  feet ; 
and  from  Dingle  Baj ,  up  the  Flesk,  down  the  Blackwater  to  Cap- 
poquin  and  on  to  Dungarvan,  only  reaching  550  feet  on  account  of 
a  Drift-accumulation,  probably  200  feet  thick.  South  of  this 
second  line  the  Limestone  only  occurs  in  outliers  in  the  synclinals 
of  Old  Red,  one  continuous  range  of  which  runs  from  Kerry  to 
Helvick  Head,  near  Dungarvan.  These  large  open  east  and  west 
valleys  nowhere  rise  to  more  than  200  feet,  their  general  level 
being  under  100,  whilst  they  are  crossed  by  north  and  south 
valleys  which  form  narrow  and  precipitous  ravines.  As  to  the 
mode  of  formation  of  these  ravines,  of  which  that  of  the  Black- 
water  at  Dromana  is  a  most  picturesque  example,  I  certainly  think 
the  views  of  Professors  Jukes  and  Ramsayf  more  satisfactory 
than  the  pluvial-perforation  theory  of  Mr.  Tylor.J  It  is  in  the 
synclinal  of  Carboniferous  Limestone,  here  highly  fossiliferous, 
eastward  of  the  Dromana  ravine,  that  the  caves  I  visited,  and  the 
one  which  I  assisted  Professor  Leith  Adams  to  explore,  are 
situated. 

It  is  to  be  remembered  that,  as  Bischof  has  shown, §  water  con- 

•  Quart.  Jonm.  Geol.  Soc.,  Vol.  xriii. 
f  *'  Physical  Geology  and  Geography  of  Great  Britain." 
J  "  Geological  Magazine,"  September,  1876,  pp.  457,8. 
§  "  Chemical  Geology,"  Vol.  iii,  p.  171. 
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taining  only  one-tenth  as  much  CO^  as  a  satarated  solution  is 
capable  of  most  readily  converting  insoluble  CaCOs  into  soluble 
CaC04  or  CajCO^,  so  that  Mr.  Prestwich's  theory  of  the  abund- 
ance of  CO  3  in  the  air  in  the  Quaternary  period  to  account  for  the 
Chalk-pipes,  endorsed  by  Mr.  Tylor,*  seems  as  unnecessary  as  is,  I 
believe,  the  similar  explanation  of  the  Carboniferous  flora,  ordinary 
rain-water  containing  ample  carbonic  acid  for  the  formation  of 
pipes  or  oaves.  With  reference  to  the  manner  in  which  their  con- 
tained remains  were  entombed,  it  is  important  to  distinguish  those 
cavities  which  had  a  wide  vertical  opening  from  ordinary  caves. 
Thus  hysena-dens,  such  as  Kent's  Hole  and  Kirkdale,  and  wolf- 
dens  and  shelter-sheds,  such  as  the  cave  at  Shandon,  near  Dun- 
garvan,  differ  materially  from  fiUed-up  fissures,  such  as  those  of 
Malta  and  Wokey  Hole,  which  only  contain  remains  of  animals 
which  have  met  with  an  accidental  death.  The  sealing-up  of 
fissures  by  accumulating  surface  and  made  soil,  and  the  possible 
Pluvial  period,  should  also  be  considered  in  reference  to  the  rate  of 
deposit  of  stalagmite ;  and,  as  is  well  seen,  1  think,  in  the  plan  of 
Brixham  Cave,  the  direction  of  joints  seems  to  have  determined  the 
ramification  of  chambers.  Besides  the  ordinary  stalag^te  and 
breccia,  there  were  in  the  Shandon  Cave  two  deposits  of  interest — 
a  fine,  homogeneous,  red  clayjf  and  a  lava-like  mixture  of  this, 
with  stalagmite,  termed  by  Dr.  Adams  *'  stalagmitie  red  earth." 

There  are  numerous  caves  in  county  Waterford — some  now 
occupied  by  Cania  vulpes,  others  promising  interesting  pre-historic 
relics  ;  that  of  Shandon,  which  Dr.  Adams  and  myself  explored  in 
June  and  July,  1875,  being  situated  but  a  few  feet  above  the 
present  high-water  mark  of  the  estuary  of  the  little  river  Colligan, 
about  one  mile  from  the  town  of  Dungarvan.  It  was  discovered 
in  1859  by  Mr.  Brenan,  who  collected  bones  of  Elephas  pnmi" 
genius,  Equus^  Ursus,  Cervus  taranduSj  Lepus  variabilis,  and  a 
bird,  which  are  recorded  on  the  Survey  map.:{  Professor  Hark- 
ness  and  Dr.  Adams  visited  it  in  1869,  and  made  some  additional 
disco verie8.§     In  1875  the  Hoyal  Irish  Academy  made  a  grant  for 

•  Loc.  eit,  p.  464. 

t  This  contaiiis  no  pebbles,  and  is,  no  doubt,  the  insoluble  residue  of  the 
limestone,  as  suggested  by  Professor  Morris  in  the  discussion  of  this  paper 
like  the  clay  on  the  Chalk  Downs  (see  Bamsay,  op.  cit  p.  263),  and  unlike 
the  river-mud  in  Kent's  Hole. 

J  See  also  "  Natural  History  Review,"  October,  1859. 

§  "  Geological  Magazine,"  Vol.  vii..  No.  6,  June,  1870. 
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its  exploration  to  Dr.  Adams,  who  asked  me  to  join  liim.  We 
met  with  considerable  difficulties ;  but  prejudice  was  overcome  bj 
the  countenance  of  the  Roman  Catholic  clergy,  and  the  clumsiness 
of  workmen  and  the  stubbornness  of  the  matrix  by  perseverance. 
Blasting  had  to  be  used,  the  fallen  roof  having  become  a  solid 
breccia ;  but  this  resulted  in  the  interesting  discovery  of  a  large 
chamber  full  of  remains.  Besides  those  above-mentioned,  remains 
of  Cervua  elephaSf  Cants  vulpes^  Cants  lupus^  various  birds,  and 
perhaps  goat  were  found,  including  a  cast- antler  of  rein-deer, 
many  bones  gnawn  by  some  rodent,  others  split  by  the  falling 
fragments,  and  some  showing  slight  traces  of  water-rolling. 
Possibly  a  small  stream,  which  is  visible  near  the  cave  at  low  tide, 
may  once  have  flowed  through  it.  At  high  tide  the  water  soaked 
through  into  the  bed  of  clay  below  the  ossiferous  breccia  and  cave- 
earth  in  the  cave.  Some  of  the  remains  were  found  loose,  among 
fragments  of  limestone,  apparently  preserved  by  desiccation  ;  others 
in  the  clay,  breccia,  and  stalagmite,  as  is  commonly  the  case.  The 
absence  of  any  trace  of  man,  lion,  hyasna,  or  Megaceros  mt^j  tend 
to  support  Professor  Boyd  Dawkins'  views  as  to  the  late  glaciation 
of  Ireland ;  but,  as  it  may  be  hoped  that  it  will  not  be  the  last^  it 
would  be  rash  to  base  generalizations  on  this  first  Irish  cave 
exploration. 
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ORDINARY  MEETING,  Junk  2nd,  1876. 

William  Carruthkrs,  Esq.,  F.R.8.,  President,  in  the  Chair. 
The  following  Donations  were  announced  :^ 

•*  Transactions  of  the  Manchester  Geological  Society,"  Vol.  xiv.. 
Part  3  ;  from  that  Society. 

''Abstracts  of  the  Proceedings  of  the  Geological  Society  of 
London,"  Nos.  318  and  319;  from  that  Society. 

"  Quarterly  Journal  of  the  Geological  Society,"  Vol.  xxxii.,Part 
2  ;  from  that  Society. 

"Journal  of  the  Society  of  Arts,"  May,  1876;  from  that 
Society. 

"  The  Geology  of  the  Weald"  (Memoir  of  the  Geological 
Survey),  by  W.  Topley,  F.G.S. ;  from  the  Author. 

'*  Remarks  on  the  Foraminifera,  with  Special  Reference  to  their 
Variability  of  Form,"  by  Professor  T.  Rupert  Jones,  F.R.Q. ;  from 
the  Aut;hor. 

"  Notes  on  the  Memoir  on  the  Variability  of  Foraminifera,"  by 
Professor  T.  Rupert  Jones,  F.R.S. ;  from  the  Author. 

"  Review  of  Dawson's  *  Dawn  of  Life,'  "  by  Professor  T.  Rupert 
Jones,  F.R.S. ;  from  the  Author. 

"  Review  of  the  Arctic  Manual,  1st  and  2nd  Notice,"  by  0. 
Cooper  King,  F.G.S. ;  from  the  Author. 

"The  Ice  Age  in  Britain,"  by  Ralph  Richardson;  from  the 
Author. 

"  The  Human  Body  ;  its  Structure  and  Functions,"  by  T.  D.  R. 
Marshall,  Second  Edition  ;  from  W.H.  Leighton,  Esq.,  F.G.S. 

"  L'Eoc^ne  Sup6rieur  des  Flandres,"  by  M.  Charles  Barrois ; 
from  the  Author. 

**  La  Denudation  des  Wealds  et  le  Pas-de-Calais,"  by  M.  Charles 
Barrois;  from  the  Author. 

The  following  were  elected  Members  of  the  Association  : — 

Mrs.  Best;  A.  K.  Campbell- Johnston,  Esq.,  F.R.G.S. ;  Henry 
Huctley,  Esq.;  John  Henry  Lej,  Esq.;  C.  E.  Owens,  Esq.; 
Frederick  Pontifex,  Esq.;  Alfied  Tylor,  Esq.,  F.G.S.;  and 
William  Whitwell,  Esq. 

The  following  Paper  was  read  : — 

X   I 
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Notes  on  the  Geoloqt  of  Lewishah. 

By    H.   J.   Johnston   Lavis,    Esq.,    F.G.S. 

As  the  Chalk  is  one  of  the  most  important  of  our  Cretaceons 
rocks,  so  is  it  the  last  of  the  Mesozoic  series  in  Britain.  I  wiU 
not  attempt  a  detailed  description  of  it,  but  will  notice  a  few  of 
the  leading  facts  connected  with  the  upper  division,  called  '*  Chalk 
with  Flints,"  or  "Upper  Chalk." 

There  are  two  important  sections  of  the  Upper  Chalk 
in  the  neighbourhood  of  the  metropolis  to  which  I  wish  to 
draw  attention,  viz.,  at  Lewisham  and  Charlton,  besides  other 
smaller  and  less  important  ones. 

The  first  occurs  in  the  most  northern  pit  of  Loam-pit  Hill, 
about  a  quarter  of  a  mile  from  St.  John^s  Station.  Here  we  see  a 
face  of  Chalk  of  about  45  feet  deep,  with  a  base  line  of  about 
200  feet,  capped  by  the  Lower  London  Tertiaries.  This  shows  in 
section  two  well-marked  bands  of  flints,  the  first  of  which  is  situated 
about  6  feet  from  the  top,  and  the  second  4  feet  below  the  former. 
Besides  these  there  are  many  other  less  conspicuous  bands  of  the 
same  material.  The  Chalk  here  presents  in  two  or  three  places  a  kind 
of  cleavage  which  is  parallel  to  important  lines  of  dislocation  or  joint- 
ing situated  close  by,  of  which  I  shall  say  more  hereafter.  The 
Chalk  in  this  locality  is  very  fossiliferous.  Appended  is  a  list  of 
fossils  I  have  obtained  from  Loam-pit  Hill. 


Fish  remains. 
Belemnitella  macronata. 
Fecten  nitidos  ? 
Spondylns  spinosus. 
Lima. 
Ostrea. 
Inoceramns. 
Terebratula  semiglobosa. 

„  camea. 

Bhynohonella  octoplicata? 
Crania. 
Flnstra. 


Ananohytes  ovatnfi. 

Galerites  albogalerus. 

Cyphosoma. 

Cidaris.  (?) 

Micraster  oorangoinmn. 

Groniaster  Parkinsoni. 

Apiocrinns  ellipticns. 

Serpnlsa. 

Esoharina,  and  many  other  f  ormB 

of  Bryozoa. 
Scyphia. 
Ventriciilites. 


The  next  and  largest  exposure  is  situated  near  Charlton  Station, 
where  a  very  extensive  section  is  seen.  The  chalk  in  this  pit 
dififers  from  the  Lewisham  chalk  in  being  less  ironshot.  In  this 
is   also  seen  two  well   marked  flint    bands,  besides   subordinate 
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ones ;  the  upper  being  about  9  feet  from  the  top  of  the  chalk, 
and  the  lower  9  feet  from  the  upper.  The  surface  of  chalk 
here  exposed  is  only  25  feet  deep,  as  it  cannot  be  worked 
below  the  drainage  level ;  one  place  where  this  has  been  attempted 
is  filled,  with  water.  Proportionately  this  is  less  fossiliferous 
than  in  the  former  locality,  though  it  is  a  well-known  resort  of 
London  collectors.  The  following  are  the  principal  fossils  I  baye 
obtained  from  the  Charlton  pit : — 

Saorian  (P)  bones.  Ehynohonella  octoplicata  (?) 

Fish  remaiiis.  Flnfitnu 

Lanma.  v  ApiocriniiB  elliptious. 

FtychodoB.  Cidaris. 

Belenmitella  mnoroiiata.  CypboBoma. 

Fecten  quinqnicostatas.  Ananchytes  OTatos. 

f,      nitidiis.  Ananchytes  pilola. 

Spondylns  spinosns.  Gralerites  albogalems. 

Inoceramns.  Mioraater  oorangainom. 

Lima  Hoperi.  Serpnlso. 

Ostrea  dilatata.  Yermetns. 

,y        sp.  Bryozoa. 

Thecddiam  Wetherellii.  YentrioaliteB. 

Terebratnla  semigloboea.  Soyphia. 

„         camea.  Choanites. 
Grania  Ignabexgensia. 

Thanet  Sands  .-^Resting  almost  directly  upon  the  Chalk  in  this 
locality  are  the  Thanet  Sands,  the  lowermost  dirision  of  the  Lower 
Eocenes.  They  derive  their  name  from  the  fact  of  their  attaining 
their  greatest  development  in  the  Isle  of  Thanet.  They  consist 
of  a  mass  of  light  buff  or  greenish  sands,  more  or  less  unfossili- 
ferous  in  the  north-west  of  Kent,  generally  ironshot,  stratifiation 
faintly  marked,  and,  when  dry,  appearing  at  a  distance  almost 
white.  The  sand  is  composed  of  fragments  of  nearly  colourless  sab- 
angular  quartz,  intermingled  with  glauconitic  grains,  and  especially 
at  its  lowest  part  with  a  white  argillaceous  substance,  which  does  not 
stain  the  sand.  This  material  was  probably  uniformly  distributed 
throughout  the  sands  during  their  deposition,  but  has  since  been 
washed  down  to  their  lower  part  by  the  percolation  of  water. 

Perhaps  the  most  interesting  point  about  these  beds  is  the  pre- 
sence of  the  constant  and  well  marked  band  of  green-coloured 
flints  which  is  found  in  immediate  contact  with  the  Chalk.  These 
also  occur  at  the  bottom  of  the  Woolwich  and  Heading  Series, 
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where  these  beds  rest  upon  the  Chalk,  where  they  occupy  the 
same  position,  leading  some  to  believe  that  they  were  the  re- 
presentatives of  the  Tbanet  Beds  in  that  district.  The  flints 
are  perfectly  unrolled,  and  therefore  could  not  have  been  de- 
posited in  their  present  position  by  marine  action ;  Mr.  Dowker 
considers  them  to  have  been  left  by  the  sub-aerial  denuda- 
tion of  the  Chalk ;  but  the  explanation  of  Professor  Mc Kenny 
Hughes  and  Mr.  Whitaker  is  generally  accepted.  These  gentle- 
men consider  the  bed  to  have  been  formed  by  the  percolation  of 
water  containing  carbonic  acid  through  the  superposed  strata  which, 
on  arriving  in  contact  with  the  chalk,  dissolved  the  upper  part 
away,  leaving  the  flints  behind  to  become  simultaneously  or  subse- 
quently covered  by  their  characteristic  green  coating.  In  the  neigh- 
bourhood of  Lewisham  there  is  a  fact  which  would  seem  to 
confirm  this.  Just  outside  St.  John's  Station  we  see  the 
Thanet  Sands  faulted  down  against  the  Chalk.  .  We  might 
expect  to  find  the  Thanet  Sands  in  immediate  contact  with  the 
Chalk,  but  we  find  that  there  is  a  thin  layer  of  green  flints 
interposed.  Now  the  faulted  surface  is  at  about  an  angle  of 
40^ ;  the  water,  therefore,  draining  through  the  Thanet  Sands 
and  containing  carbonic  acid,  would  dissolve  away  the  chalk, 
though  with  less  power  on  account  of  its  sloping  direction,  leav- 
ing the  flints  behind.  The  bed  of  flints  varies  in  the  neighbour- 
hood from  9  to  18  inches.* 

The  bed  of  green-coated  flints,  the  "  Bull  Head  Bed,"  is  over- 
laid by  the  Thanet  Sands  proper.  Mr.  Whitaker  says  of 
this: — '*(C)  In  a  railway  cutting  close  to  Bekesboume 
Station,  cast  of  Canterbury,  there  is  a  little  sand  below  the  sandy 
marl  (D),  in  which  the  greater  part  of  the  cutting  is  made,  and 
this  I  take  to  be  the  same  as  the  Thanet  Sand  of  London  and  the 
western  part  of  Kent.  The  only  other  places  in  that  neighbour- 
hood where  I  saw  anything  of  it  was  at  Selling.  This  fine  light 
buff  sand  thickens  westward,  and  near  Sittingboume  forms  a  con- 
siderable part  of  the  Thanet  Beds.  Further  west  it  gets  still 
thicker  at  the  expense  of  the  beds  above,  until,  on  the  other  side 
of  the  Medway,  it  replaces  them  altogether,  and  takes  up  the 
whole  of  the  space  between  the  Woolwich  Beds  and  theBase-beds 

•  I  have  obtained  one  flint  from  this  place  which  was  white  where  imbedded 
in  the  Chalk,  but  the  part  Bnrroanded  by  the  Thanet  Sands  was  quite 
green  graduating  into  the  white. 
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some  60  or  70  feet.  It  thins  slightly  in  the  neighboarbood  of 
Woolwich,  and  then  rather  more  rapidly,  until  it  dies  out  west  of 
London."*  In  accordance  with  this  the  Thanet  Sands  are 
thicker  at  Charlton  than  at  Lewisham. 

He  then  goes  on  to  say — "  No  fossils,  except  some  casts  of 
Pholodomya  recorded  by  Professor  Prestwich  at  Erith,  have  been 
found  in  this  bed." 

To  these  we  can  add  some  casts  of  the  same  shell  at  Charlton, 
recorded  by  Professor  Morris,  and  confirmed  by  Mr.  Taylor, 
besides  which,  before  you  is  a  cast  of  a  Cyprina^  obtained  by  Pro- 
fessor Morris  and  myself  from  the  same  locality,  and  I  have  lately 
found  two  similar  casts  close  together  at  Lewishani,  which  I  un- 
fortunately broke  while  extracting  them.  There  was  also  found  by 
one  of  Professor  Morris'  students  the  cast  of  a  fish  vertebra,  at 
Charlton.  Small  portions  of  lignite  also  occur  occasionally.  In 
the  Woolwich  pit,  which  faces  the  Thames,  the  upper  part  of  the 
Thanet  Sands  may  be  seen  to  have  been  burrowed  by  annelids, 
which  were  subsequently  filled  up  by  the  clayey  sand  of  the  bottom 
of  the  Woolwich  and  Reading  Series,  which  overlies  it.  The 
Thanet  Sands  proper  are  considered  to  be  the  equivalents  of  the 
Landenian  series  in  Belgium  of  M.  Dumont.  The  Oreen  Flint 
bed  probably  is  represented  by  the  Argile  ^  Silex,  of  Professor 
Hubert,  in  France. 

The  Woolwich  and  Reading  Series  is  the  middle  member  of 
the  Lower  Eocene.  These  beds  consist  of  alternating  gravels,  sands, 
and  clays,  very  fossiliferous  in  parts,  almost  barren  in  others.  They 
are  of  marine,  estuarine,  and  of  fluviatile  origin. 

The  bed  marked  (A  and  A'  in  Fig.  2)  consists  of  a  green  sand 
with  a  number  of  well-rounded  black  pebbles.  At  Lewisham  this 
bed  is  6  feet  thick,  containing  very  few  pebbles,  these  being  more 
or  less  equally  disseminated  through  it.  At  Charlton  it  is  only 
1^  feet  thick,  the  pebbles  predominating,  each  individual  one 
being  in  contact  with  its  fellow,  the  sand  only  filling  the  spaces 
between  them.  These  pebbles  are  considered  by  Mr.  Prestwich  to 
have  been  formed  on  an  island  or  shoal  in  the  Thanet  Sand  sea, 
and  were  strewn  over  its  bottom  at  the  end  of  that  and  the  com- 
mencement of  the  Woolwich  and  Reading  period,  by  the  move- 
ments of  elevation  which  took  place  then.     The  sand  was  probably 

*  Quart.  Jonm.  GeoL  Soc.,  Vol.  xxii.,  p.  408. 
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&  portion  of  the  Thanet  Sand  whicli  was  washed  np  and  inter- 
mingled with  the  pebbles  by  the  rnpid  currents  then  natnrally 
existing.  As  evidence  of  this  the  lowest  bed  of  the  series  resto 
very  irregularly  on  the  Thanet  Sands,  as  shown  in  Fig.  3,  the  bed 
ahore  it  being  estuarine  in  character,  showing  a  change  from  marine 
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to  estuarine  conditions.     Thpngh  generally  unfossiliferous,  sharks* 
teeth  are  sometimes  found  in  this  bed. 

At  Lewisham  the  Bottom  Bed  is  overlaid  by  a  thin  unfossil'- 
iferons  bed  of  white  or  iron-stained  sand  (B),  about  a  foot  thick, 
which  probably  belongs  to  the  bed  (E).  It  is  unrepresented  at 
Charlton. 

The  next  in  the  series  at  Lewisham  is  a  stratum  of  well-rounded 
pebbles,  imbedded  in  a  small  quantity  of  sand  ;  at  Loam-pit  Hill 
it  attains  the  thickness  of  about  13  feet.  The  pebbles  very  much 
resemble  those  of  the  Oldhavens,  and  when  not  examined  in  situ 
could  not  bo  distinguished  from  them.  They  exhibit  much  false 
bedding,  and  are  unfossiliferous.  At  the  upper  part  of  this  bed 
there  is  a  stratum  of  white  friable  marl  (D),  varying  from  one  to 
two  feet  in  thickness. 

At  Charlton  the  bed  (C)  is  represented  by  the  bed  (B')  consist- 
ing of  ferruginous  sands,  sometimes  very  argillaceous,  contain- 
ing a  large  number  of  branching  concentric  ironstone  concretions, 
often  containing  fossils  of  estuarine  character.  The  bed  (C)  at 
Charlton  occupies  the  same  position  as  the  Marl  Bed  (D)  at  Lewis- 
ham, but  is  here  chiefly  composed  of  large  fossiliferous  ironstone 
nodules,  which  however  are  sometimes  replaced  by  sandstone  and 
by  marlstone  concretions.  The  stratum,  C,  at  Lewisham  may  be 
considered  to  be  estuarine  in  origin,  the  false  bedding  well  illus- 
trating the  effect  that  would  be  produced  at  the  mouth  of  a  river 
by  the  rapid  currents  caused  by  the  ebbing  and  flowing  of  the  tides. 
The  pebbles  were  probably  derived  from  the  Chalk  land  which 
the  river  drained,  being  partially  rounded  in  their  course  down 
and  subsequently  finished  off  at  its  mouth.  The  Pebble-bed,  C, 
as  seen  at  Lewisham,  is  I  believe  of  very  local  occurrence,  being 
generally  represented  by  finer  material,  as  at  Charlten.  It  pro- 
bably formed  a  small  shingle  bank. 

Superimposed  on  this  we  meet  with  the  great  fossiliferous  clays 
of  the  Woolwich  and  Reading  Series,  which  are  capable  of  sub- 
division into  three,  viz.,  the  Lower  Cyrena  Bed  (E  and  D'),  Ostrea 
Bed  (F  and  E),  and  the  Upper  Cyrena  Bed  (G  and  F').  The 
fossils  from  these  beds  attracted  the  notice  of  the  earlier  paleonto- 
logists, and  even  at  the  present  time  are  of  considerable  interest  to 
London  Geologists.  In  both  the  localities  of  Charlton  and  Lewis- 
ham the  beds  are  moderately  well-developed,  though  they  differ 
considerably  in  relative  thickness. 
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At  Loam-pit  Hill,  we  see  resting  directly  on  the  Marl  Bed  (D) 
the  Lower  Cyrena  Bed  (E).  The  matrix  is  a  blaish  clay  bat  it 
exists  in  so  small  a  quantity  that  the  bed  is  practically  made  up  of 
shells,  the  Cyrena  cuneiformis,  C.  deperdita,  and,  C.  cordata 
being  the  most  abundant,  with  which  are  mingled  in  a  much  smaller 
proportion  the  other  shells  characteristic  of  this  series.  This  bed 
occupies  the  same  rclatire  position  at  Woolwich,  but  in  this 
locality  contains  a  greater  amount  of  clay  in  proportion  to  the 
shells,  and  is  only  10  inches  in  thickness  (D).  At  the  most 
North  Eastern  exposure  where  the  overlying  Oyster-bed  dies  out, 
it  is  in  contact  and  passes  into  the  Upper  Cyrena  Bed. 

In  both  localities  this  bed  is  overlaid  by  the  Oyster  Bed  (F  and 
E'),  a  stratum  almost  entirely  made  up  of  the  shells  of  Ostrea 
hellovacina  and  0,  pulchra.  At  Lewisham  it  is  2  feet  thick,  at 
Charlton  one  foot  and  a  half,  and  at  the  eastern  end  of  Woolwich 
Ballast  Pit  it  dies  out  altogether  as  already  mentioned. 

Above  this  we  again  see  a  C^r^na-bed  (G  and  F').  This  is  the 
Upper  one,  though  in  its  lithological  and  paleontological  cha- 
racters cannot  easily  be  distinguished  from  the  Lower.  At  Lewis- 
ham  this  bed  is  only  from  2  to  3  feet  in  thickness,  but  at  Woolwich 
attains  the  developement  of  6  feet. 

During  the  deposition  of  the  Ostrea-hed  (F  and  E')  there  was 
probably  a  subsidence  which  admitted  the  sea  water  necessary  for 
the  existence  of  oysters,  but  when  a  subsequent  elevation  took 
place,  the  oysters  were  replaced  by  cyrenas. 

At  Lewisham  we  have  overlying  the  shelly  series,  the  celebrated 
Plant  Bed  of  the  Woolwich  and  Heading  Series  (Fig.  2, 
H,  I,  J,  K).  It  is  well  developed  in  this  locality,  attaining  the 
total  thickness  of  about  22  feet.  It  is  here  divisible  into  two  parts, 
by  a  band  of  small  well-rounded  black  pebbles  varying  from  1 
inch  to  2  feet  in  thickness  (J). 

The  lower  sub-division  (H,  I,  J)  which  lies  between,  the  shell- 
beds  and  the  band  of  pebbles,  consists  of  greyish  black  sand  alter- 
nating with  clay  of  the  same  colour,  and  is  about  9  feet  in  thick- 
ness. It  contains  a  large  quantity  of  iron  pyrites  in  the  form  of 
irregular  concretions  which  contain  now  and  then  the  casts  of  shells 
and  plant  stems. 

A  foot  or  so  beneath  the  Band  of  Pebbles  there  exists  a  Lignite 
Bed  (I)  which  forms  the  floor  of  the  clay  pits  of  Loam-pit  Hill 
towards  their  southern   end.     The  wood  composing  it  is  coni- 
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ferous  and  is  bored  by  Teredo ^  the  burrows  of  which  are  filled 
with  iron  pyrites  which  is  very  abundant  directly  beneath  this  bed. 
The  origin  of  this  lower  sub -division  is  somewhat  difficult  to  ex- 
plain, but  it  seems  to  be  marine,  though  deposited  near  enough  to 
an  estuary  for  the  shells  of  Cyrena^  &c.,  to  be  washed  down  and  get 
entombed  contemporaneously  with  the  waterlogged  wood  of  the 
Lignite-bed. 

The  upper  subdivision  (J,  K,  L),  or  the  Plant  Bed  proper  is 
13  feet  thick ;  it  consists  of  alternations  of  clay  and  sand,  the 
former  predominating  at  the  bottom,  and  the  latter  at  the  top. 
Especially  in  the  lower  and  more  clayey  part  a  large  number  of 
leaves  may  be  found  which  seem  to  belong  chiefly  to  the  water 
flags.  It  contains  no  shells  or  other  remains  to  denote  marine 
conditions,  therefore  we  may  perhaps  conclude  that  it  was  some 
estuarine  mud-bank  upon  which  grew  a  scanty  and  marshy  vegeta- 
tion which  was  periodically  buried  by  fresh  deposits  of  mud  and 
sand  brought  down  and  spread  over  by  rain  floods  and  other 
agencies.  The  Pebble  Band  was  formed  much  in  the  same  way  as 
the  Bottom  Bed  (A),  that  is  by  the  disturbance  produced  by  change 
of  depth  from  deep  to  shallower  conditions. 

This  Lewisham-bed  is  represented  at  Woolwich  by  a  well- 
marked  bed  (G')  overlying  the  shell-beds.  In  character  it  is  not 
unlike  that  already  described,  though  in  colour  it  is  yellowish,  due 
to  the  iron  being  in  an  oxidized  state,  and  also  to  the  fact  of  the 
plant  remains  consisting  of  Dicotyledonous  leaves  and  seed  vessels 
denoting  their  growth  on  dry  land.  The  presence  of  this  bed  at 
Woolwich  was  never  before  known  ;  it  may  be  well  seen  in  the 
Woolwich  Ballast  Pit  overlying  the  Upper  Cyrena  Bed,  from 
which  it  is  characterized  by  its  yellowish  brown  colour. 

At  Lewisham,  the  Woolwich  and  Reading  Series  terminates  with 
the  Plant  Bed,  but  at  Woolwich  we  have  overlying  it  15  feet  of 
gravels  and  sands  (H',  P)  which  were  classed  by  Mr.  Whitaker 
with  the  Oldhaven  Beds. 

(H').  The  lower  portion  of  this  is  composed  of  sands  and 
pebbles  interstratified  >Yith  each  other,  and  showing  much  false  bed- 
ding. They  rest  conformably  upon  the  underlying  Plant  Bed.  The 
pebbles  are  well  rounded  and  the  sand  is  flinty.  This  bed  is  very 
fossiliferous  and  is  characterized  more  especially  by  the  presence  of 
the  well  known  Cyi ena  teUinella  ;  this  is  generally  found,  in  its 
natural  position,  buried  in  the  sand.    The  shells  are  generally  inter- 
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mingled  with  the  pebbles  and  are  in  a  moderately  good  state  of 
preservation.     This  bed  is  7  feet  thick. 

The  upper  bed  (I')  is  merely  a  continuation  upwards  of  the 
stratum  just  mentioned,  differing  from  it  in  being  totally  unfossili- 
ferous,  and  containing  no  pebbles,  being  chiefly  composed  of  white 
and  yellow  sand  with  a  very  small  quantity  of  clay ;  its  greatest 
thickness  is  from  6  to  7  feet.  Like  the  Thanet  Sands  its  surface, 
which  is  in  contact  with  the  overlying  series,  is  bored  by  an  Annelid 
or  Mollusc  to  a  depth  of  a  foot,  the  boring  being  filled  up  with 
material  partly  argillaceous  and  therefore  appearing  more  pro- 
minent than  the  surrounding  sand. 

Both  of  the  last  mentioned  beds  (HT)  have  suffered  much  de- 
nudation. One  may  observe  in  the  section  at  Woolwich  that  the 
Oldhaven  and  Blackheath  pebbles  lie  very  unconformably  to  these 
beds ;  in  some  places  they  are  entirely  swept  away,  and  the  Old- 
havens  rest  upon  the  Plant  Bed,  which  being  composed  of  clay  was 
less  susceptible  to  disturbing  influences  than  the  loose  gravels 
and  sands.  The  resemblance  of  these  two  sub-divisions  of  the 
Woolwich  and  Reading  Series  has  led  Mr.  Whitaker  to  consider 
them  a  part  of  his  Oldhaveus,  but,  perhaps,  the  section  was  in  a 
less  favourable  condition  when  that  gentleman  examined  it  than  it 
is  at  present. 

These  beds  were  probably  formed  much  in  the  same  way  as  the 
bed  C  of  Lewisham,  but  the  action  was  not  nearly  so  powerful,  for 
otherwise  the  delicate  shells  that  are  found  mingled  with  the  pebbles 
would  have  been  reduced  to  powder.  The  sea  could  not  be  far  off, 
inasmuch  as  forms  like  Lamna,  Fusus,  Murex,  Naiica,  Pectunculus, 
&c.,  could  not  have  existed  without  much  sea  water. 

We  now  arrive  at  beds  which  present  some  difficulty — namely, 
the  so-called  Oldhaven  and  Blackheath  Series.  They  are  com- 
posed of  perfectly  rounded  pebbles,  intermingled  with  sand, 
which  varies  in  quantity,  and  show  extensive  false-bedding,  the 
axes  of  the  pebbles  being  sometimes  as  high  as  45^  to  the  dip. 
They  play  a  very  important  part  in  the  geology  and  physical 
geography  of  this  neighbourhood,  where  they  attain  the  thickness 
of  40  to  50  feet,*  the  Blackheath  plateau  being  entirely  due  to 
their  presence,  inasmuch  as  being  very  permeable  to  water,  which 
sinks  as  soon  as  it  falls,  instead  of  running  off  the  surface  and 
carrying  materials    away  with  it,  and  makes   its    appearance  as 

*  Bev.  De  la  Condamine,  Quart  Joum.  Geol.  Soo.,  Vol.  vi,  p.  445. 
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small  springs,  which  run  oat  just  above  the  out -crop  of  the  Wool* 
wich  and  Reading  clays. 

These  Pebble-beds,  and  the  uppermost  sands  of  Upnor  and 
Reculyers,  Professor  Prestwich  classes  with  his  Basement  Bed  of 
the  London  Clay,  as  representing  the  pebbly  loam  which  occurs 
at  the  bottom  of  that  formation  in  the  West ;  *  but  Mr.  Whitaker 
makes  a  line  of  demarcation  between  them  at  Oldhaven  Grap  and 
then  proceeds  to  separate  them  in  every  other  district.f  In  the 
locality  under  consideration,  where  the  development  of  this  series 
is  very  great,  and,  therefore,  weighty  in  the  consideration  as  to 
their  classification,  there  are  many  points  of  interest  to  be  care- 
fully studied. 

They  appear  to  lie  conformably  to  the  Plant  Bed  at  Lewisbam^ 
but,  as  already  mentioned,  not  so  at  Woolwich.  Now,  as  the 
London  Clay  generally  rests  very  conformably  upon  the  Oldhavens, 
we  might  consider  that  there  was  evidence  that  they  belonged  to 
the  London  Clay.  Mr.  Whitaker  shows  in  his  list  of  fossils  a 
decidedly  estuarine  fauna,  and  then  states  his  belief  that  they  were 
formed  on  an  old  shingle  bank  which  was  well  out  at  sea,  where  no 
unrolled  flints  could  arrive  without  being  first  well  rounded.  How 
is  this  to  be  reconciled  ? 

He  divides  them  from  the  London  Clay  at  Heme  Bay  entirely 
on  palaeontological  grounds,  apparently  not  taking  into  considera- 
tion that  the  fauna  of  a  sandy  bottom  would  change  as  clay  took 
the  place  of  sand,  and  as  probably  the  water  became  deeper ;  in 
fact,  in  this  locality  there  is  a  transition  from  the  Woolwich  and 
Beading  Series  right  up  into  the  London  Clay. 

The  explanation  of  their  origin  as  given  by  Professor  Prestwich 
appears  to  me  the  more  probable  one.  He  seems  to  consider  that 
the  termination  of  the  Woolwich  and  Beading  period  and  the  com- 
mencement of  the  London  Clay  epoch  was  marked  by  the  elevation 
of  a  ridge  of  land  to  the  south  and  a  corresponding  depression 
to  the  north.  This  would  cause  very  active  and  powerful 
currents,  and  it  is  very  probable  that  part  of  the  land  over 
which  the  rivers  of  the  Woolwich  and  Reading  period  had 
flowed,  and  upon  which  they  had  deposited  their  valley  gravels, 
was  submerged,  and  the  already  partially-rolled  pebbles  were  com- 

*  Quart.  Joum.  Geol.  Soo.,  Vol.  ii.,  pp.  254,  266,  261,  265  j  and  Vol.  x., 
pp.  105,  107, 110,  111,  and  130. 

t  Qnart.  Joum.  Geol.  Soc.,  Vol.  xxiL,  p.  414. 


H,  J,  JOHHBTOH  L&T18  ON  THE  QEOLOOT  OF  LEWIfiHAK,         539 


pletelj  rounded  and  deposited  in  a  very  irregular  manner  by  thia 
poncrfal  bat  transient  action  ;  so  that  at  one  place,  such  as  Black- 
heath,  they  are  50  feet  thick,  and  only  three-quarters  of 
a  mile  distant  at  Loam-pit  Hill,  tbay  are  not  five  inches.  It 
is  also  probable  that  a  large  quantity  of  these  pebbles  and 
Band  is  nothing  more  than  the  resorted  eatuarine  poi'tions  of 
the  underlying  series,  such  as  the  beds  (H'  and  I'),  which  are  seen 
to  bare  sofibred  mnch  denudation  at  Woolwich,  and  yet  may  have 
extended  over  a  very  considerable  area.  Another  point  of  interest 
is  recorded  by  Professor  Prestwich  in  a  section  at  White  Cliff 
Bay,  where  he  found  pebbles  of  red  clay  derived  from  the  under- 
lying mottled  clays  ;  and  also  at  Heme  Bay  he  found  green  flints, 
which  must  hare  been  derived  hy  the  denudation  of  the  Thanet 
Sands.  * 

We  now  arrive  at  the  London  Clay  proper.  There  are  numerous 
sections  of  it  in  this  neighbourhood,  bat  by  far  the  most  illustrative 
is  at  Loam-pit  Hill,  where  it  is  exposed  in  section  in  tbe  brick-pit.  It 
Is  here  about  20  feet  thick.  It  presents  the  ordinary  character  of 
London  Clay,  bnt  contains  no  septaria.  It  is  also  totally  unfos- 
siliferoua,  which  Professor  Prestwich  explains  by  the  fact  that  it 
required  some  considerable  tame  for  the  emigration  of  a  fauna 
suitable  to  a  muddy  sea. 

Between  this  and  the  overlying  Pleistocene  deposits  in  this  area 
there  are  no  representatives  of  the  deposits  of  the  enormous  period, 
during  which  the  deposition  of  the  Middle  and  Upper  Eocene,  the 

Fio.  3.— SECTION  IN  CHALK  P!T  NEAR  ST.  JOHNS. 


1  Chalk  with  Flmte.  9  Tbanct  Satida. 

2  Green-ooated  Flinta.  4  Woolwich  and  Bead 

6  High  Level  Grave!. 

•  Quart.  Joum.  Geol.  Soo.  VoL  vL,  p.  277. 
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Miocene,  and  the  Pliocene  formations  took  place  on  other  areas. 
The  Pleistocene  Is  represented  at  Lewisham  bj  the  mammaliferous 
brick-earths  and  gra7els  of  the  Thames,  and  especiallj  of  its 
tributary,  the  Havensbonrne,  two  sections  of  which  are  well 
worth  notice — the  first  situated  close  to  some  new  houses  facing 
Loam-pit  Hill,  and  the  other,  from  which  numerous  bones  and 
teeth  haye  been  obtained,  is  seen,  in  a  brick-yard  opposite  the 
Angel  Inn  on  the  road  from  St.  John's  to  Lewisham.  There 
are  also  deposits  of  High-level  Gravels  covering  the  greater 
part  of  Loam-pit  Hill,  resting  very  unconformably  on  the 
Woolwich  and  Reading  Beds,  as  shown  in  Fig.  3,  and  also  on 
the  London  Clay  in   Mr.  Hodson's  brick-pit  near  Turwit  Road. 

The  Upper  Chalk  forms  the  foundation  upon  which  the  different 
Lower  Tertiary  deposits  took  place.  Professor  Prestwich  considers 
that  the  elevation  of  the  Weald  took  place  to  a  certain  extent  during 
the  latter  part  of  the  Cretaceous  period  ;  that  there  was  but  a  very 
thin  deposit  of  Chalk  over  an  area  which  he  describes  as  follows  : — 
*^  It  is  probable  that  there  was  some  extent  of  dry  land,  possibly 
an  island,  somewhere  intermediate  between  a  line  drawn  on  the 
north  from  Famham  towards  Canterbury,  and  on  the  south 
between  Winchester  and  Newhaven,  and  extending  eastward  into 
the  north  of  France,  and  that  the  long-continued  wear  on  its  coast 
accumulated  on  the  shores  extensive  banks  of  pebbles,  whilst  the 
finer  sediment  produced  at  the  same  time,  in  conjunction  with  the 
debris  brought  down  by  the  operation  of  streams,  formed  at  a 
distance  from  the  land  the  strata  of  this  oldest  Eocene  epoch.'* 
He  considers  the  Thanet  Sands  to  have  been  derived  by  the 
denudation  of  the  Greensand  ;  he  does  not  account,  however,  for 
the  absence  of  flint  sand  mixed  with  the  Thanet  Sands,  which  must 
have  been  formed  by  the  rolling  of  the  flints  which  had  been 
derived  from  the  thin  layer  of  chalk ;  the  pebbles  he  says  were 
afterwards  spread  over  the  sea  bottom  by  other  agencies  during 
the  Lower  and  Middle  Eocene  period. 

It  is  a  curious  and  interesting  fact,  and  is  well  illustrated  in  this 
locality,  that  the  Thanet  Beds  seem  to  rest  on  an  almost  perfectly 
smooth  and  even  surface  of  chalk,  the  lines  of  stratification  being 
quite  parellel,  so  that  one  might  be  led  to  imagine  that  there  was 
a  direct  sequence  instead  of  a  great  break  in  time,  both  paleontolo- 
gically  and  stratigraphically,  during  which  the  Calcaire  Pisolitique, 
Maastricht  Beds  and  the  Faxoe  Limestone  were  being  accumulated. 


Fio.    4— ILLUSTRATING    THE    CORRESPONDING    CONDITIONS    OF 

DEPOSITION  AT  LEWISHAM  AND  CHARLTON. 
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As  we  in  fact  know  that  there  is  an  ''  apparent  '*  transition  between 
Secondaries  and  Tertiaries  in  Denmark,  represented  in  England  bj 
a  great  break  in  time  ;  so  it  is  foand  that  in  one  locality  there  is  a 
passage  between  one  member  of  the  Lower  Tertiaries  and  in  another 
place  there  is  a  decided  break  and  sometimes  an  nnconformitj. 
This  is  the  case  with  the  Thanet  8and  in  the  east  of  Kent,  where 
the  J  pass  insensibly  up  into  the  Woolwich  and  Reading  Series,  it 
being  almost  an  impossibility  to  draw  a  line  of  dirbion  between 
them,  whereas  westward,  as  at  Loam-pit  Hill,  there  is  a  decided 
boundary  line  besides  a  slight  nucouformity  as  shown  in  Fig.  3. 

MINERAL   contents. 

Calcite  is  found  crystallized  inside  empty  echinoderm  shells,  and 
sometimes  in  terebratulae  from  the  Chalk.  It  also  occasionallj 
occurs  crystallized  in  the  oyster-shells  from  the  Ostrea  Bed  of  the 
Woolwich  and  Beading  Series,  and  in  the  septaria  of  the  London 
Clay  near  London. 

Iron  Pyrites, — This  is  sometimes,  though  rarely,  foond  in  the 
Chalk  of  this  locality.  It  is  most  plentiful  in  the  Plant  Bed  at 
Loam-pit  Hill.  It  is  also  found  lining  some  of  the  shells  of  the 
Cyrena-h^di^  in  both  localities  as  well  as  in  the    London  Glaj. 

Selenite, — Very  fine  crystals  of  this  form  of  sulphate  of  lime, 
sometimes  quite  perfect,  at  others  forming  beautiful  stars,  are  to 
be  found  most  plentifully  in  the  London  Clay  at  Loam-pit  Hill ; 
in  less  numbers  and  much  smaller  in  the  upper  part  of  the  Plant 
Bed.  It  is  also  in  the  Upper  Plant  Bed  that  Professor  Martin 
Duncan,  Pres.  G. 8.,  described  spaces  in  the  clay  from  which  the 
selenite  which  formed  them  had  been  removed. 

Hcematite  occurs,  though  rarely,  and  in  no  case  have  I  seen  it 
more  than  half  an  inch  thick,  in  the  Ironstone  Bed  of  the  Wool- 
wich and  Reading  Series  at  Woolwich. 

Lignite  occurs  in  the  largest  proportion  in  the  Woolwich  and 
Heading  Beds,  but  it  is  sometimes  found  in  the  Thanet  Sands  and 
London  Clay. 

Quartz  in  a  pure  state,  crystallized  in  its  characteristic  six-sided 
prisms,  surmounted  by  a  pyramid  of  as  many  sides,  occurs  in  the 
Chalk  flints,  generally  having  some  relation  to  a  sponge  cavity.  It 
is  most  plentiful  at  Lewisham. 

Silica  (Amorphous)  occurs  as  flint  containing  a  small  proportion 
of  iron,  carbon  and  manganese* 
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Silicate  of  Iron  is  the  material  which  gives  the  characteristic 
and  well-marked  green  coat  to  the  flints  at  the  base  of  the 
Thanet  Sands.  This  was  formed  after  the  chalk  covering  had  been 
dissolved  away  from  them  by  the  sesquioxide  of  iron  contained  in 
the  flint,  changing  elements  with  the  clay  of  the  bottom  of  the 
Thanet  Sand  thus : — 

Sesquioxide  of  Iron. 

F0.P3  w  PejOjjSiOj,  The  green  ooaiing  of  flints. 

AlaO„2SiOj,2H20    A  AjOa.SiO^H^O      to  form  with  water  a  Hydrous 
Silicate  of  Alumina  of  the  Silicate    of    Al^Tnin^    or 

Clay.  Allophane. 

The  green  colour  is  very  permanent,  so  that  flints  coloured  with 
it  can  be  detected  in  any  gravels  of  later  date. 

Allophane  is  a  hydrous  silicate  of  alumina  containing  40  per 
cent,  of  water.  It  was  first  discovered  at  Charlton  by  Professor 
Morris,  who  read  a  paper  upon  it  before  the  Gleological 
Society.  It  was,  he  says,  **  formed  after  the  deposition  of  the 
Thanet  Sand  and  the  slight  dislocations  these  have  undergone 
since.  It  is  found  lining  the  fissures  in  the  Chalk  for  some  con- 
siderable depth.'*  It  is  amorphous,  and  may  generally  be  recog- 
nised by  its  resemblance  to  common  gum.  When  broken  it 
breaks  with  a  resinous  fracture.  In  one  place  where  I  saw  it,  in  a 
small  pot  hole,  it  was  more  than  six  inches  thick,  though  it  seldom 
is  a  twelfth  of  that  thickness. 

I  cannot  conclude  without  expressing  my  deepest  thanks  to 
Professor  J.  Morris,  F.G.S.,  for  many  valuable  hints  and  much  kind 
assistance. 


EXCURSION  TO  SWINDON  AND  FARINGDON. 

June  5th  (Whit-Monday),  and  Following  Day. 

Directors — Professor  John  Morris,  F.G.S.,  Charles  Moore,  Elsq., 
F.G.S.,  and  E.  C.  Davey,  Esq.,  F.G.S. 

{Report  by  W.  H.  Hudleston,  Esq.,  M.A.,  F.G.S.) 

On  the  arrival  at  Swindon  of  the  party  from  London,  Mr.  Moore, 
who  had  just  come  up  from  Bath,  at  once  led  the  way  to  the  brick- 
pits  near  the  Station,  which  have  yielded  the  magnificent  remains 
of  Omosawus  armatus,  Bothriospondi/lus  suffosevs,  and  Pliosaunis 
hrachydeiimsy  figured  by  Professor  Owen  in  the  last  volume 
issued   by   the  Palseontographical   Society.      At  the  period   of 

K   K 


544         EXGUBSION  TO  8W1ND0N  AND  F ABINGDON. 

the  yisit  about  20ft.  of  beds  were  exposed,  being  a  portion  of  the 
Upper  Eammeridge  Clay.  Such  discoveries  as  those  alluded  to 
are,  as  may  be  imagined,  not  often  made,  and  the  pits  did  not  yield 
any  considerable  number  of  fossils  to  the  party ;  a  small  form  of 
Astarte  ovata  is  one  of  the  most  common  shells,  together  with  an 
Oairea  (0.  expansa  ?  Sow.),  in  several  stages  of  growth.  There 
are  plenty  of  impressions  of  hiplex  ammonites,  but  belenmites  are 
said  to  be  rare  in  the  Upper  Kimmeridge.  The  character  of  this 
formation  is  further  disclosed  by  a  fresh  cutting  on  the  north  side 
of  the  steep  hill  on  which  Old  Swindon  stands,  though  the  junc- 
tion with  the  "  Portland  Sands  "  is  a  little  obscured  by  the  sliding 
forwards  of  the  upper  beds.  The  Kimmeridge  Clay  seen  here  is 
perhaps  60  or  70ft.  above  any  worked  in  the  brickyards,  and  con- 
tains hard,  concretionary  bands,  dipping  southwards  into  the  hill 
at  a  considerable  angle.  Ammonites  biplex,  Cardium  Morinicum^ 
Thracia  depressa^  &c.,  were  noted ;  but  the  Cardium  and  Trigonia 
bed,  at  the  base  of  the  Portland  Sands,  was  not  visible  on  the  oc- 
casion of  this  visit. 

The  town  of  Old  Swindon  is  built  on  the  flat  top  of  a  detached 
eminence,  which  forms  part  of  an  imperfect  chain  of  heights  markiog 
the  outcrop  of  such  remnants  of  the  uppermost  Jurassic  rocks  as 
have  escaped  denudation  in  this  part  of  England  previous  to  the 
deposition  of  the  Lower  Cretaceous  (Neocomian)  series.  These 
uppermost  Jurassic  rocks,  usually  known  as  Portlandian  and  Pur- 
beck  Beds,  have  been  wrought  for  a  long  period  of  time  in  vast 
quarries  on  the  south  west  side  of  the  town.  To  these  quarries  the 
party,  now  largely  reinforced  by  a  fresh  accession  of  Members  and 
their  friends,  including  amongst  others  Dr.  Wright  of  Chelten- 
ham, were  conducted  immediately  after  lunch.  The  following 
announcement  of  what  was  to  be  seen  here  is  extracted  from  the 
Circular.  **  Purbeck  Beds. — Freshwater  Marls  and  Limestones, 
10ft.  thick,  with  depressions  containing  material  from  the  Lower 
Greensand.  Mr.  Moore  will  exhibit  from  these  beds  an  interesting 
series  of  remains,  including  Flagiaulax,  Spalacotherium,  and  other 
mammals.  Macellodua  Brodei,  Nuthetea,  Goniopholia  crassidena, 
the  tooth  of  a  megalosauroid  reptile,  apparently  allied  to  the 
Cetiosauri,  and  other  reptilian  remains — Batrachia,  including  the 
oldest  known  true  frog — together  with  fruits  and  seeds,  and  some 
of  the  MoUusca  of  the  period.*' 

Having  selected  a  convenient  position,  Mr.  Moore  pointed  out  to 
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the  Members  the  principal  features  of  the  general  section,  and  gave 
a  brief  description  of  the  results  he  had  obtained  by  a  careful  obser- 
vation of  the  beds  during  a  period  of  15  years.  "  Four  distinct  for- 
mations might  here  be  noted.     1.  The  pipe-like  yeins  atop  filled  in 
with  remani^  Lower  Green  sand.     2.  The  Purbeck  Beds.     8.  The 
Portland  Rock.     4.  The  Portland  Sands.    In  the  quarry  generally 
the  stone  is  of  an  intermittent  character,  there  being,  towards  the 
base,  layers  of  loosish  material,  with  bands  of  nodules  and  continu- 
ous rock-bed — Portlandian.     These  are  succeeded  by  a  series  of 
chalky-looking  limestones,  in  which  may  be  observed  one  or  two 
darkish  bands,  something  akin  to  the  dirt-beds  of  the  coast  districts. 
These  black  bands  are  earthy  carbonaceous  marls  and  loose  grits, 
and  are  found  to  contain  a  remarkable  mixture  of  marine  and  fresh- 
water forms.     The  whole  of  this  series  is  referred  to  the  Purbecks, 
but  the  chalky  limestones  or  marls  contain  few  remains  of  a  recog- 
nizable character.      Hitherto  no  Mammalia  had  been  quoted  from 
the  Purbeck  of  Swindon,  but  a  reference  to  the  Circular  would 
show  that  this  void  had  been  filled  up.     He    might  mention  also 
Paralestes  in  addition ;  and  to  the  list  of  Beptilia  he  would  add 
Saurillus,     Of  fishes  there  was  Lepidotus,  and  peculiar  forms  with 
very  small  teeth,  but  it  must  be  admitted  that  the  remains  were 
often  fragmentary  and  difficult  of  identification,  everything  verte- 
brate having  been  much  washed  about.    As  regards  Batrachia  none 
were  known  between  the  Purbecks  and  the  Tertiaries  ;  yet  he  could 
not  doubt  that  the  specimens  secured  from  these  beds  were  authentic, 
and  that  they  really   belonged  to  the  period  in  question,  their 
mineral  condition  being  precisely  that  of  the  other  fossils,  about 
which  there  could  be  no  question.     Respecting  plants,  there  was 
much  trace  of  vegetable  matter  in  these  black  bands.     He  had 
made  out  the  seeds  and  stems  of  at  least  two  species  of  Chara; 
nor  -could  he  be  mistaken  in  assigning  to  the  dock  tribe  certain 
specimens  showing  the  capsule,  with  the  seed  peeping  out  from 
it,   the   mineral  condition  of    which   could  leave  no   reasonable 
doubt  as  to  these  specimens   of  a  dicotyledonous   plant — unique 
as  far  as  our  present  knowledge  goes  at  that  early  age — being  really 
contemporary  with  the  other   fossils.       Of  MoUusca,  Planorbis, 
Hydrobia,   Valvatay  Fhysa,  Nerita,  Trochus,  LimncBa^  Dentalium, 
Cerithium,  Ostrea,  Cythercea^  Area,  were  amongst  the  singular  mix- 
ture of  marine  and  freshwater  forms  which  these  black  bands  con- 
tain.   Of  Crustacea  he  had  obtained  four  or  five  species  of  Cypria; 
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two  forms,  possibly  two  distinct  genera  of  Bryozoa ;  PentacrintUs  ; 
rarely  the  spines  of  an  echinite  ;  Nodosana  and  Flahnlaria 
amongst  Foraminifera ;  and  finally  coprolites  and  derived  pebbles. 
The  question  naturally  arises :  to  what  stage  of  the  Purbecks,  as 
exhibited  in  the  Swanage  district,  should  these  beds  be  referred  ? 
There  are  at  Durdlestone  between  200  and  300  ft.  of  beds.  On 
the  whole  he  was  inclined  to  refer  these  to  the  Middle  Purbecks, 
though  the  series,  as  here  developed,  may  have  been  the  result  of 
currents  cutting  out  and  modifying  beds  previously  deposited." 

Mr.  Moore  concluded  by  stating  that,  whereas  the  Geological 
Survey  in  their  published  Memoir,  enunciated  no  more  than  seven- 
teen species  from  the  Purbecks  of  Swindon^  he  had  been  able  to 
add  eighty  species  to  the  list.  Some  of  these  treasures  he  pro- 
ceeded to  exhibit  as  vouchers  for  what  he  had  already  stated.  These 
were  critically  examined  by  several  of  the  party.  The  bones  of 
the  "  oldest  known  true  frog,"  were  especially  scrutinized,  but  no 
material  difference  in  its  mineral  condition,  whereby  it  could  be 
distinguished  from  other  associated  remains,  was  detected.  A 
small  phial  full  of  the  teeth  of  Macellodus  was  exhibited,  some  of 
the  specimens  being  much  larger  than  any  hitherto  figured.  Speci- 
mens of  most  of  the  genera  above  enumerated,  were  also  exhibited, 
forming  altogether  a  remarkable  collection  of  micromorphs,  and 
reflecting  the  highest  credit  on  the  skill  and  industry  of  Mr.  Moore. 

Professor  Morris,  another  of  the  Directors,  then  briefly  alluded 
to  the  physical  history  of  the  formations  of  this  immediate  district. 

'*  The  Portland  Beds,  being  the  latest  of  all  the  Oolites,  are 
seen  to  rest  on  the  Eomme ridge  Clay,  and  in  some  cases,  as  at 
Aylesbury,  there  is  a  band  of  dark  pebbles  marking  the  base  of  the 
series.  These  Portlandian  Beds  form  the  third  and  least  import- 
ant, because  most  irregularly  developed,  of  the  four  great  lines  of 
escarpment  which  occur  in  this  part  of  England,  viz.,  (J )  the  Cottes- 
wold  or  Lower  Oolite  escarpment ;  (2)  the  Corallian,  most  marked 
in  the  ridges  of  Wootton  Basset,  and  High  worth ;  (3)  the  Port- 
landian, on  which  vve  now  stand ;  and  (4)  the  Chalk  escarpment  which 
might  be  seen  closing  in  the  landscape  on  the  south.  Referring  to 
the  development  of  the  formation,  the  hard  tabular  limestones  of 
the  Isle  of  Portland  are  again  met  with  at  Upway  (near  Dor- 
chester), and  also  in  the  Vale  of  Wardour,  at  which  place  they  are 
associated  with  a  considerable  development  of  the  Purbeck  Beds. 
As  we  proceed  north,  however,  the  character  of  the  Portlandian 
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scries  is  more  sandj  and  uncertain,  and  the  Parbecks,  too,  show 
a  corresponding  diminution  as  at  Shotover  near  Oxford,  where  the 
Portland  limestones  (as  such)  are  altogether  absent,  and  the  Por- 
bcck  have  gone  out  with  them,  although  on  the  southern  part  of 
the  hill  they  are  both  seen  at  Combe  Wood  and  Garsington.  The 
Portland  Beds  may  be  further  traced  at  Thame,  Brill,  and  with  the 
overlying  Purbecks  at  Hartwell  and  Whitchurch,  near  Aylesbury, 
beyond  which  there  is  no  further  exhibition  of  "  Portlandian " 
Beds  in  England,  excepting  a  small  and  doubtful  deyelopment 
at  Speeton,  in  Yorkshire.  It  was  evident  that,  during  the 
deposition  of  this  series,  there  was  a  gradual  uprising  of  the 
Oolitic  area,  producing  a  tendency  to  brackish  water,  and  finally 
even,  in  some  places,  to  freshwater  conditions.  He  had  great 
pleasure  in  bearing  witness  to  the  interesting  and  suggestive  nature 
of  Mr.  Moore's  discoveries  in  connection  with  these  partially  fresh- 
water beds,  and  in  answer  to  his  question  as  to  what  portion  of  the 
8wanage  Purbecks  they  represented,  he  ventured  to  suggest  that 
they  might  be  the  equivalents  of  the  entire  thickness  (800ft.)  there 
displayed.  With  regard  to  some  of  the  genera  occurring  in  these 
kind  of  beds,  he  alluded  to  the  presence  of  Corbula,  in  true  Pur- 
beck  strata  of  marine  character,  at  W^imereux  in  the  Boulonnais, 
and  in  the  Lower  Wealden  at  Pounceford  in  Sussex,  as  well  as  at 
Swindon.  There  are  species  of  Area  too,  which  are  capable  of 
living  under  freshwater  conditions. 

"  The  last  formation  in  the  quarry  which  required  notice  was 
the  Lower  Greensand,  here  only  existing  in  an  imperfect  and 
remani^  condition.  But  in  this  district  the  various  Oolites  are 
transgressively  covered  by  some  member  of  the  Neocomian  series. 
At  Seend,  for  instance,  we  have  the  marine  shells  of  this  period  in 
a  ferruginous  grit,  resting  upon  Kimmeridge  Clay,  whilst  in  the 
opposite  direction  the  party  would  observe  to-morrow  at  Faringdon, 
the  Kimmeridge  Clay  and  Coral  Rag,  covered  by  the  remarkable 
Sponge  Gravel,  now  well  known  to  belong  to  the  Lower  Greensand. 
At  Shotover  and  at  Hartwell  the  Portland  Series  is  capped  by 
beds  containing  Unto,  Ci/clas,  and  Paludina  pointing  to  freshwater 
conditions,  but  still  of  Neocomian  age.  All  this  would  seem  to 
indicate  that  the  old  land  surfaces,  disclosed  in  the  interval  (repre- 
s«nted  by  the  Wealden  and  its  equivalents,  the  Lower  and  Middle 
Neocomian)  which  bridges  over  the  Oolitic  and  Neocomian  periods 
vere  still  in  existence  when  a  portion  of  these  latter  began  to  be 
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formed.  Ultimately  a  depression,  marking  a  stage  of  the  Neoco- 
mian  period,  set  in,  and  a  great  and  unequal  erosion  of  beds 
of  yarions  ages  was  accomplished.  In  the  hollows  and  gullies  thus 
formed  the  pebbly  Lower  Greensand  (Upper  Neocomian)  of  this 
region  was  deposited,  and  in  this  way  it  came  to  be  transgressive 
over  so  many  formations.'* 

Having  heard  thus  much  from  the  two  Directors,  the  members 
of  the  party  set  to  work  to  examine  the  various  portions  of  the 
quarry  for  themselves.  The  Portland  Beds,  as  pointed  out  by  Mr. 
Moore,  were  observed  to  consist  of  impure  gritty  limestones, 
intercalated  between  looser  sands,  the  latter  predominating  towards 
the  floor  of  the  quarry.  Calcareous  casts  of  Ammonites  giganteusy 
Trigonia  gibbosa,  Cardium  dissimile^  Cytherea  mgosa,  &c.,  are 
plentiful  enough,  just  as  in  the  Isle  of  Portland  itself.  Towards 
the  east  end  of  the  quarry  the  so-called  Purbeck  Beds  overlie  the 
Portland  Beds  in  considerable  force,  and  the  black  carbonaceous 
friable  loam,  in  which  Mr.  Moore  has  found  so  many  fossils,  is  well 
developed  at  this  point.  Almost  the  first  fragment  which  that 
gentleman  split  with  his  hammer  was  found  to  contain  a  fine 
tooth  of  Goniopholis,  the  Swanage  Crocodile.  Further  on  the 
same  bed  was  observed  to  be  a  mass  of  Cerithium  Porilandicum^ 
the  shell  itself  (not  the  cast)  being  preserved  in  a  dark  friable 
marly  grit.  But  the  most  noteworthy  circumstance  here  is 
that,  above  this  bed,  the  regular  Portland  limestone  comes  on 
again  rich  in  casts  of  the  usual  Portlandian  shells,  showing  most 
clearly  how  "  Purbeck"  and  "  Portland"  conditions  inosculated  at 
this  spot,  and  that  if  names  are  to  be  rigidly  adhered  to,  without 
reasonable  modification  of  their  meaning,  according  to  local 
circumstances,  we  actually  have  the  Portlandian  overlying  the 
Purbeck  on  the  east  side  of  the  great  quarry  at  Swindon. 

Tuesday,  June  6th,  found  nearly  the  same  party  assembled  at 
Faringdon  about  10  a.m.  Mr.  Moore  and  Dr.  Wright  were  absent, 
but  Mr.  C.  J.  A.  Meyer,  had  joined.  Mr.  Davey  assumed  the  lead, 
and  was  ably  assisted  by  Professor  Morris  and  Mr.  Meyer.  The 
great  features  of  interest  in  this  district  are  the  Sponge  Gravels  of 
Lower  Greensand  age,  but  there  are  also  some  instructive  sections 
of  Corallian  beds.  The  party  drove  to  Bad  bury  Hill,  a  com- 
manding point,  situated  in  the  escarpment  which  overlooks  the 
valley  of  the  Upper  Thames,  about  two  and  a  half  miles  to  the 
west  of  Faringdon.     The   subjoined   extract  from  Mr.  Meyer's 
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Paper  (♦)  will  serve  to  show  the  nature  of  the  equivalents  of  the 
Bed  and  Sponge  Gravels  of  the  pits  subsequently  visited. 

"  Our  next  excurBion  was  to  Badbory  Hill.  In  a  small  pit  near  the  road- 
eide,  on  the  west  slope  of  the  hill,  and  at  abont  60  feet  from  the  top,  we 
found  a  section  exposed,  whioh  was  to  me  by  far  the  most  interesting  one  I 
had  jet  seen.     The  section  was  as  follows : — 

f  Light-coloured  and  ferruginous  sand,  with  slabs  and  frag- 
ments of  chei*t,  apparently  the  debris  of  higher  beds         ...  14  feet. 

a  Fine  ash-coloured  sand,  regularly  stratijiedt  very  like  the 

sands  with  clay  beneath  the  ironstone  of  Furze  Hill  ...     4  feet. 

5  Dark  brown  and  ferruginous  sand,  with  a  mixture  of-  small 
pebbles,  Bryozoa,  TerebratulsB,  &o.,  regularly  stratified...     4  feet. 

c  Ditto,  ditto,  .with  two  or  more  bands  of  hard  calcareous  con- 
cretions, each  about  eight  inches  in  thickness   ...  ...     6  feet. 

This  lost  was  the  lowest  stratum  exposed,  but  from  the  appearance  of  the  soil 
tho  pebbly  sands  extended  somewhat  lower. 

In  the  looser  materials  composing  the  strata  b,  c,  we  immediately 
recognised  the  upper  portion  of  the  Bed  Gravel  of  East  Pit,  containing 
here,  as  there,  Rhynchonella  nuciformis  in  abundance,  R,  latissimaf  B. 
depressaf  Terehratella  Menardiff  Terebratula  TomacensiSf  T.  depressa,  more 
rarely  ;  and,  in  addition,  a  few  specimens  of  Terehratella  ohlongOf  Sow. 

In  the  intermediate  stone  beds,  c,  T.  ohlonga  was  not  uncommon,  associated 
more  rarely  with  R.  depressa,  T.  Mena/rdi,  T.  depressa,  and  T,  Rohertoni, 
D*Arch.  The  stone  also  contained  Avicula  Rauliniana,  D'Orb.,*  Pecten, 
RauUnia>nuSf  D'Orb.,  P.  orhicularjSf  Exogyra  conicat  var.,  and  E.  haUotoidea 
— shells  which  occur  in  the  *  Bargate  stone  *  and  *  Pebble  beds*  of  Godalming. 
In  fact,  except  from  the  greater  abundance  of  organic  remains,  this  section 
agrees  precisely  with  a  section  exposed  in  a  quarry  of  the  Lower  Greensand 
near  St.  Eatherine*s  Chapel,  Guildford,  where  *  pebble  beds '  alternate,  for 
a  thickness  of  20  feet  or  more,  with  layers  of  the  *  Bargate  stone.' 

I  was  greatly  pleased  at  finding  Terehratella  ohlonga  here  in  such  com- 
parative  abundance,  associated  with  T.  Menardif  etc.,  as  I  had  only  met  with 
a  single  specimen  in  the  Sponge  Gravels.  Yet  what  seemed  to  me  of 
greater  interest  in  this  Badbury  Hill  section  was  the  upward  passage  of  the 
dark-coloured  pebbly  gravel  h  (Red  gravel)  into  a,  thus,  as  it  were,  limiting 
the  position  of  the  Sponge  Gravels  with  a  definite  vertical  range ;  the  fine 
sandy  strata,  a,  underlying  the  ferruginous  sands  with  chert  and  ironstone 
as  well  here  as  at  Furze  Hill  and  Faringdon  Clump. 

From  what  I  have  now  seen  of  the  several  sections  in  the  neighbourhood, 
I  can  form  but  one  opinion  of  the  Sponge  Gravels  with  relation  to  the 
surrounding  deposits,  viz.,  that  the  true  *  Sponge  Gravel  *  of  the  Windmill 
Pit  is  unquestionably  the  oldest  of  the  Cretaceous  deposits  near  Faringdon^  the 
strata  exposed  in  the  sections  of  East  Pit  and   Badbury   Hill  forming  as 

•  Geologist,  Vol.  vii.,  page  6,  et  seq. 

t  Now  recognised  as  the  T,  truncata  of  Sowerby. 
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nearly  as  poBsible  a  oontinnons  series  ;  while  afc  the  same  time  there  is  no 
reason  to  donbt  that  the  fossiliferons  concretions  capping  Furze  Hill  are 
identical  with  the  ironstone  concretions  which  occur  near  the  top  of  Badborj 
Hill,  intermingled  here  and  there  with  the  ohertj  fragments." 

In  the  above  Paper  the  author  gives  comparative  sections  at  1, 
Furze  Hill,  2,  Badbury  Hill,  3,  East  Pit,  Little  Coxwell,  4, 
Windmill  Pit,  Little  Coxwell — ^the  two  latter  were  visited  later  in 
the  day. 

On  returning  to  the  summit  of  Badbury  Hill,  the  party  listened 
to  a  physiographic  description  of  the  surrounding  country  from 
Professor  Morris,  who  pointed  out  *'  how  much  the  scenery,  the 
agriculture,  and  the  life  of  a  district  is  due  to  its  geology.  Here 
the  view  towards  the  north  west  is  bounded  by  the  south- 
easterly slope  of  the  Cotswolds,  the  surface  inclination  being 
rather  less  than  the  angle  of  the  dip.  In  the  immediate  fore- 
ground towards  the  north  was  the  vale  of  the  Upper  Thames, 
which  lay  in  the  plain  of  Oxford  Clay,  between  the  Lower  Oolites 
of  the  Cotswolds,  and  the  Corallian  escarpment,  of  which  High- 
worth  might  be  deemed  the  culmination,  but  which,  at  Badbury,  was 
heightened  by  the  superposition  of  the  Neocomian  beds  they  had 
just  seen.  Neglecting  the  small  Portlandian  escarpment,  almost 
unnoticeable  from  this  point,  they  saw  on  the  south  the  Vale  of 
White  Horse,  excavated  out  of  the  Kimmeridge  and  Gault  Clays, 
and  extending  along  the  foot  of  the  third  (at  Swindon  enumerated 
as  the  fourth)  great  escarpment,  formed  by  the  Chalk  hills  above 
Wantage.  Thus  three  clay  vales,  viz.,  that  of  the  Lias,  the 
Oxford  Clay,  and  the  Kimmeridge- Gault,  were  subtended  by  three 
limestone  escarpments.  The  quantity  of  Boulder  Clay  on  this 
side  the  Thames  about  here  was  insignificant.*' 

But  the  masses  of  silicious  grit  or  Grey  Wethers,  remnants  of 
strata  of  Tertiary  age,  found  in  the  low  grounds  beyond  the  Chalk 
escarpment  near  Swindon,  attest  the  waste  to  which  the  whole 
district  has  been  subjected,  and  clearly  show,  as  explained  by  Pro- 
fessor Ramsay,  how  the  Chalk  and  overlying  Eocene  beds  once 
spread  far  across  the  plains  which  the  Chalk  escarpments  overlook, 
and  which  latter  have  thus  gradually  receded  eastward. 

Mr.  Davey  then  read  out  to  the  party  some  notes  on  the 
subject  of  Badbury  Hill,  of  which  the  following  is  an  extract  : — 

"  The  Camp  is  two  hundred  yards  in  diameter,  with  a  ditch 
twenty  feet  wide.      Some  nine  years  ago  (written  about  1800),  in 
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levelling  the  north  ramparty  human  bones  and  coals  were  found 
and  human  bones  are  found  every  year  in  digging  for  peat  in  the 
swampy  ground  about  one  mile  south  of  the  hill.  Leland,  in  his 
*  Itinerary/  says  that  he  learned  of  certainty,  that  *  a  mile  out  of 
Faringdon  towards  the  right  way  to  Highworth  appeared  a  great 
ditche,  wher  a  fortresse,  or  rather  a  camp  of  warre,  had  been^  as 
some  say,  diked  by  the  Danes  as  a  sure  camp.'  Mr.  Wise,  in  his 
letter  to  Dr.  Mead,  supposes  that  the  battle  of  Mont  Badonicus,  or 
Badbury  Hill,  in  the  year  520,  mentioned  by  Gildas  and  Bede,  was 
fought  hereabouts. 

'*  Mr.  Austen  found  fossil  wood  and  the  leaflet  of  a  fern  on  the 
tabular  summit  (Quart.  Joum.  Geol.  Soc.,  Vol.  x.,  457)  ;  Mr. 
Gunnington,  Terebratella  ohlonga  (Quart.  Joum.  Geol.  Soc,  Vol.  x., 
177)  ;  myself,  Domopora,  Emarginula  N'eocomiensiSf  Turbo,  Rhyn- 
chonella  Qibhaiana,^^  &c.^ 

The  party  then  descended  by  a  pleasant  route  across  the  fields 
to  Great  Goxwell  Barn,  which  is  favourably  situated  on  Corallian 
limestone  by  the  side  of  a  spring,  thrown  out  at  the  base  of  the 
Neocomian  sands,  which  are  an  extension  of  those  on  Badbury 
Hill.  This  is  effected  by  a  narrow  belt  of  Kimmeridge  Clay 
interposed  between  the  sands  and  the  limestones.  The  contrast 
between  the  vegetation  of  the  poor,  hungry  sands,  covered  with 
short  grass  and  daisies,  and  the  golden  meadow  formed  by  the 
mixture  of  the  sands  and  clay  below,  could  not  have  been  more 
sharply  indicated  by  colour  on  a  map.  The  old  monastic  barn, 
built  in  the  year  1204,  is  still  made  use  of  by  Mr.  William 
Gcrring,  the  tenant  of  this  portion  of  Lord  Radnor's  estate.  Its 
lofty  proportions  and  pleasant  shade  were  not  the  less  welcome 
to  the  Members,  after  their  warm  walk,  because  of  the  beer  and 
bread  and  cheese  which  the  forethought  of  Mr.  Davey  had  pro- 
vided for  their  refreshment. 

The  next  move  was  to  the  celebrated  Sponge  Gravel  pit,  the 
"  Windmill  Pit"  of  Meyer's  Section,  previously  quoted,  but  usually 
known  as  Ballard's  Pit,  situated  near  the  village  of  Little  Coxwell. 
This  place  has  long  been  celebrated  for  the  crowds  of  fossils  which 
it  contains,  and  it  has  in  consequence  attracted  the  attention  of 
geologists.  Mr.  D.  Sharpe*  has  given  a  description  of  the 
Sponges,  and  other  remains,  which  he  was  induced  to  refer  to  the 
period  of  the  Chloritic  Marl,  an  opinion  we  have  seen  combated 

•  Quart.  Joum.  Geol.  Soo.,  Vol.  x.,  p.  176. 
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by  Mr.  Meyer,  whose  views  are  generally  acknowledged  to  be 
correct.  Further  details,  with  admirable  photographs  of  some  of 
the  sponges,  are  to  be  found  in  an  article  in  the  '*  Proceedings  of 
the  Newbury  Field  Club/'  written  by  Mr.  Davey,  who,  in  a  sub- 
sequent memoir  on  the  Faringdon  Sponges,  has,  with  the  appro- 
bation of  M.  E.  de  Fromentel,  materially  altered  the  names  given  by 
Sharpe.  Thus  Manon  peziza^  one  of  the  commoner  forms,  becomes 
Chenendoacyphia  peziza;  Manon  pulvinarium,  a  small  rounded 
sponge,  with  detached  circular  slightly  margiuated  oscula,  becomes 
Oculospmgia  Faringdonensis,  Davey  ;  Manon  porcatum^  another 
common  form,  becomes  Chenendoacyphia  sulcata.  Besides  these« 
some  of  the  commoner  forms,  adopting  Sharpens  names  only,  are 
Tragos  Faringdonense,  Scyphia  furcata^  Manon  macropora,  and 
Verticillitea  anaatomoaana ;  the  latter  a  form  peculiar  to  Coxwell, 
**  consisting  of  numerous  close-set  fistular  spongites,  not  hollow 
throughout,  but  divided  into  a  series  of  chambers  by  horizontal, 
perforated  diaphragms.'*  Besides  the  sponges  there  is  an  abund- 
ance of  Polyzoa,  Echinodermata,  and  Brachiopoda.  Peltaates 
WHgJiUi  (tests),  and  the  spines  of  Cidaria  Faringdonensia^  are 
specially  numerous.  Fragments  of  the  spines  of  Cidaria  fiori- 
gemma,  derived  from  the  Coral  Bag,  also  occur.  Thanks  to  the 
assistance  of  Mr.  Davey  and  the  quarry  men,  a  great  quantity  of 
fossils  were  secured.  (For  further  particulars,  consult  the  Papers 
of  Sharpe,  Meyer,  and  Davey,  previously  quoted.) 

Despite  its  gravelly  appearance,  the  calcareous  nature  of  the 
general  mass  is  evident,  most  of  the  sponge  fragments  themselves 
being  calcareous.  The  formation  generally  is  loose  and  poroas, 
with  deep  potholes  towards  the  top  filled  in  with  an  admixture  of 
the  Red-gravel,  so  well  exhibited  in  the  next  pit  (Boutcher's). 
There  arc  a  few  bands  of  hard  stone  of  a  greenish  or  pinkibh 
tinge,  due  probably  to  the  suffusion  and  partial  decomposition  of 
glauconitic  matter. 

Mr.  Meyer  "  considered  that  the  Sponge  Gravel  here  reposed 
partly  on  Kimmeridge  Clay  and  partly  on  Coralline  Oolite. 
Referring  to  the  previous  history  of  the  area,  the  Kimmeridgian 
shore  lay  within  that  of  the  Coralline,  which  itself  was  more  con- 
fined than  the  Oxfordian ;  the  period  of  greatest  depression,  and 
consequently,  the  most  extended  sea,  having  occurred  towards  the 
middle  of  the  Oxfordian  epoch.  In  the  latest  Jurassic  times  there 
was  still  less  water  space,  and  even  this  had  been  encroached  upon 
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towards  the  close  of  the  Weald  en  deposits.  Ultimately,  however, 
the  Neocomian  sea  invaded  the  Wealden  area :  the  first  deposit 
was  the  Atherfield  Clay,  succeeded  by  the  Kentish  Rag  and  Sand- 
gate  Beds.  Then  there  was  a  great  extension  of  the  sea  over 
these  parts,  when  the  Folkestone-beds,  with  their  equivalents,  the 
Pebble-beds  and  Bargate  Stone,  were  deposited.  To  this  period 
belong  beds  at  Guildford,  Shanklin,  Upware,  Potton,  and  Faring- 
don,  rich  in  Brachiopoda,  and  often  in  Sponges,  whose  geological 
position  is  towards  the  top  of  the  Sandgate  and  the  base  of  the 
Folkestone-beds.  There  was  a  considerable  difference,  as  he  had 
already  indicated  on  Badbury  Hill,  between  the  deposits  of  this 
(Ballard's)  and  the  adjoining  (Boutcher's)  pit.  In  the  latter  the 
sands  were  much  redder,  and  more  gravelly,  and  the  fossils,  on  the 
whole,  different.  The  gravel  of  Boutcher's  Pit  underlies  the  iron- 
sand  of  Furze  Hill,  but  it  seems  probable  that  the  Sponge  Gravel, 
of  this  pit  (Ballard's)  does  not  pass  continuously  under  any  of  these 
other  beds.  It  was  true  that  there  was  a  certain  resemblance  between 
tbe  Brachiopoda  of  the  Tourtia  beds  of  Belgium  (representing  our 
Chloritic  Marl)  and  these,  but  (as  was  subsequently  corroborated 
by  Professor  Morris)  the  resemblance  was  one  of  representation 
rather  than  of  identity.  Thus  we  have  here  Rhynchonella  latiasimaf 
in  the  Tourtia  R,  compressa;  here  Terehratella  truncata^  in  the 
Tourtia  T.  Menardi,  and  so  on.  As  regards  the  mode  of  occur- 
rence of  this  great  Sponge  bed,  in  the  Neocomian  sea  the  Coral 
Rag  would  here  rise  in  ridges  on  which  the  sponges  grew  in 
suitable  localities.  Towards  the  south,  in  the  direction  of  deeper 
water,  the  Sponge  Gravel  loses  its  character.  The  sponges  pro- 
bably grew  in  a  strong  current,  which  caused  them  to  require 
powerful  attachments  in  order  to  maintain  their  position.  When 
overthrown  they  would  be  swept  into  heaps  like  this  along  with 
an  occasional  ammonite,  and  with  multitudes  of  attached  shells, 
chiefly  Brachiopoda,  such  as  Terebratula  sella,  Waldheimia  tama- 
rinduSy  Thecidium  Faringdonense,  and  others  already  named." 

Professor  Morris  "  could  endorse  much  of  what  Mr.  Meyer  had 
advanced,  especially  as  regards  the  Tourtia  beds  of  Belgium,  the 
fossils  being  representative  of,  rather  than  identical  with  those  of 
the  Faringdon  Lower  Greensand.  There  could  no  longer  be  any 
doubt  as  to  the  true  position  of  the  Faringdon  Beds.  Towards 
the  south-east  of  England  the  trifold  series  of  the  Lower  Green- 
sand  was  complete,  but  in  a  north-westerly  direction  the  beds 
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are  thinning  out,  the  Upper  Series  alone  being  continued  in  this 
direction,  and  thus  transgressivo,  as  is  usual  in  an  area  undergoing 
continuous  depression.  He  concluded  bj  noticing  the  great  re- 
semblance of  this  peculiar  rock  to  the  Coralline,  or,  more  properlj, 
Bryozoan  Crag  of  Suffolk,  pointing  out  also  the  number  of 
derivative  shells,  and  suggesting  that  during  its  deposition  portions 
of  the  Wealden  area  might  have  been  still  unsubmerged." 

The  last  place  visited  was  Boutcher's,  or  the  East  pit — noteworthy 
fossils  Rhi/nchonellanuctformiSy  TrematopyguSj  Nautilus  Iceuigatusil), 
The  beds  ai'e  composed  chiefly  of  small  pebbles  mixed  with  fer- 
ruginous sand  :  the  pebbles  are  mostly  quartzose,  with  some  lydites 
and  green  rock.  There  is  less  calcareous  matter  than  in  the  other 
pit,  and  the  upper  part  is  less  perforated  by  potholes  :  rounded 
masses  of  buff  argillo-calcareous  stone  bored  by  a  richly  sculptured 
Modiola  (?)  are  not  unfrequent.  The  Sponge  Gravel  of  the  other 
pit  may  be  seen  in  one  comer  at  the  base  of  this  series. 

The  day's  proceedings  were  brought  to  a  close  by  a  dinner  at 
the  Crown  Hotel,  in  Faringdon,  when  the  services  of  the  Directors 
were  duly  acknowledged  ;  after  which  the  majority  of  the  party 
returned  to  London,  though  a  few  remained  behind  with  Professor 
Morris,  for  the  purpose  of  further  examining  the  Coral  Rag  and 
Lower  Calcareous  Grit  of  the  district. 


EXCURSION  TO  SANDGATE  AND  FOLKESTONE. 

June  19th,  187  6, 

Director — F.  G.  Hilton  Price,  Esq.,  F.G.S.,  &c. 

{Report  by  Me.  Hilton  Price.) 

The  party  from  London  was  met  at  the  Shomcliffe  Camp  Station 
about  12  o'clock,  by  the  Director  and  Dr.  Charles  Barrois,  the 
eminent  French  Geologist  of  Lille. 

The  party  proceeded  at  once  along  the  Sandgate  Road  towards 
the  shore,  passing  over  the  high  ground  above  Sandgate,  which  is 
composed  of  the  Folkestone-beds  of  the  Upper  Neocomian.  No. 
3  bed  of  Mr.  Price's  section,  see  paper  on  the  **  Lower  Greensand 
and  Gault  of  Folkstone,"  Proc.  Geol.  Assoc,  Vol.  iv.,  p.  139. 

Arriving  on  the  shore,  the  under-cliff  was  examined,  where  the 
junction  between  bed  No.  3  and  bed  No.  2  were  plainly  seen,  show- 
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ing  the  calcareous  gritty  beds  reposing  on  the  dark-greenish 
"hassocky"  beds  of  No.  2  and  No.  1.  Proceeding  onwards 
towards  the  turnpike  on  the  Lower  Sandgate  Road,  the  Members 
had  the  opportunity  of  inspecting  the  Sandgate-beds  of  the  Upper 
Ncocomian,  coming  on  gradually  and  just  below  the  turnpike,  and 
of  examining  the  base-bed  of  the  Sandgate  series  (the  Rhyncho* 
nella  sulcata  zone),  all  of  which  beds  dip  N.N.E.,  therefore  as  the 
party  walked  eastwards  they  gradually  came  upon  higher  forma- 
tions. Many  pieces  of  pyritized  wood  were  collected  in  bed  No.  1 
of  the  Sandgate  series.  The  whole  of  the  upper  cliff  from  Sand- 
gate to  Folkestone  Harbour  is  chiefly  composed  of  the  Third 
Division  of  the  Folkstone-beds  of  the  Upper  Neocomian,  thus  the 
Members  had  ample  opportunities  of  seeing  this  fine  section,  with 
the  Gault  coming  on  just  above  the  harbour.  The  Director  pointed 
out  the  position  of  the  "  Elephant- bed,'*  at  the  Battery,  at  the 
eastern  corner  of  the  West  Cliff,  none  of  which  is  now  visible,  it 
having  been  mostly  dug  out  when  the  Battery  was  constructed. 
The  party  becoming  fatigued  after  their  walk  in  the  hot  sun, 
were  very  willing  to  partake'  of  luncheon  at  the  Pavilion  Hotel. 

After  luncheon  the  Director  conducted  the  Members  to  the  end 
of  the  Pier,  in  order  to  show  them  the  fine  cliff  section  of  the 
Upper  Neocomian  series,  with  the  Gault  capping  it.  After  giving, 
a  short  explanation  of  the  section,  they  walked  down  to  the  shore 
through  the  harbour  to  examine  all  the  Folkestone-beds  of  the 
Upper  Neocomian,  which  are  so  well  shown  at  this  point.  Owing 
to  the  continued  prevalence  of  westerly  winds,  the  greater  portion 
of  the  Sandgate-beds  were  buried  in  sand  ;  but  only  the  upper 
part  of  bed  No.  4  of  that  series  was  seen  in  situ.  At  low  spring 
tides  the  whole  of  the  Sandgate-beds  maybe  seen  near  the  harbour, 
together  with  the  zone  of  Rhynchonella  sulcata  (bed  No.  1.), 
which  bed  receives  its  name  in  consequence  of  the  abundance 
of  that  species  which  it  contains.  The  whole  of  the  Folkestone- 
beds,  however,  were  well  examined,  and  a  few  explanations 
were  offered  by  the  Director  upon  these  beds,  which  gradually 
dip  away  as  we  approach  Copt  Point.  Many  of  the  Members 
collected  each  a  few  fossils,  and  had  the  chagrin  of  seeing  many 
fine  specimens  of  Exogyra  and  Pseudodiadema  on  the  rocks,  which 
they  were  unable  to  obtain,  owing  to  the  hard  nature  of  these  beds 
and  the  feebleness  of  their  instruments.  He  pointed  out  the 
various  zones,  and  showed  the  position  of  the  Ammonites  mammil* 
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larta  zone  in  the  cliff,  the  Junction-bed,  between  the  Upper 
Neocomian  and  the  Gault,  with  the  sulphur-band  of  the  zone  of 
Ammonites  interruptus  resting  upon  it.*  As  Copt  Point  is  turned, 
these  beds  are  lost  beneath  the  sea  level,  and  the  beds  of  the 
Lower  and  Upper  Gault,  which  form  the  cliff  at  this  point,  become 
more  accessible. 

In  East  Weir  Bay,  these  beds  are  no  longer  in  situ  as  they  were 
seen  at  Copt  Point,  for,  owing  to  frequent  landslips  they  have  all 
been  thrown  down,  and  form  the  floor  of  the  sea  shore.  It  being 
low-water  at  the  time  of  our  visit,  the  Members  were  able  to  examine 
the  lithological  and  palseontological  characters  of  the  various  zones, 
which  were  explained  by  the  Director.  Mr.  John  GriflSths,  the 
well-known  fossil  collector  of  Folkestone,  being  engaged  for  the 
day,  disclosed  with  his  pickaxe  the  richness  of  the  formation,  and 
many  typical  fossils  were  collected  by  Members. 

Having  passed  over  the  Gault,  Mr.  Hilton  Price  pointed  out  the 
junction  between  the  Upper  Gault  and  the  so-called  Upper  Green- 
sand,  which  rests  conformably  upon  the  Gault,  with  a  few  pipings 
of  the  dark-green  iparly  sand  passing  down  into  the  marly  beds 
of  the  Upper  Gault.  This  deposit  is  only  about  14  feet  in  thick- 
ness here,  and  passes  gradually  into  the  Chalk  Marl,  the  green 
grains  continuing  upwards  for  several  feet — this  formation  is  poor 
in  organic  remains.  The  Chalk  Marl,  on  the  contrary,  is  very 
fossiliferous,  and  is  about  10  feet  in  thickness. 

At  this  juncture  the  Members  very  reluctantly  abandoned  going 
on  further,  owing  to  want  of  time,  and  returned  through  the 
Warren  to  the  South  Eastern  Railway  Station,  from  which  they 
proceeded  to  town  by  the  evening  train. 

*  The  position  of  the  large  PlesiosauruSf  which  was  fonnd  by  Mr.  QriflltlM 
in  the  cliff  near  Copt  Point,  in  Bed  II.  of  the  Gault,  waa  pointed  omt  to  ^b» 
party. 


EXCUR8E0N  TO  BLACKHEATH  AND  CHARLTON. 


Director. — Professor  Mobbih,  F.G.S. 

Leaving  Blackheath  Station,  the  party  walked  acroaa  the  heath 
to  the  south-east  corner  of  the  plateau,  and  at  the  edge  of  one  of 
the  gravel  pits  which  expose  its  geological  etracture,  gathered 
round  the  Director,  who  explained  the  geology  of  the  district. 
After  pointing  out  the  characters  of  the  pebbles  composing  tlie 
so-called  "  Oldhaven  Beds"  on  which  the;  stood  (see  Proc.  Qeol. 
Assoc,  Vol.  iv.,  p.  498),  Professor  Morris  reminded  his  hearers 
that  these  great  accamnlations  of  shmgle  occupied  a  large  area  in 
Kent,  forming  several  plateanz,  as  Blackheath,  Lessness  Heath, 
and  Plumstead  Common,  as  well  as  the  hills  of  Shirley  and  much 
of  the  ground  about  Bromley  and  Chisleharet.  The  great  fault 
running  east  and  west  along  the  south  side  of  the  Thames  where 
the  gronnd  begins  to  rise  from  the  alluvial  flats,  throws  down  the 
Lower  Eocenes,  and  the  Cbalk,  which  is  revealed  above  the  rircr- 
level  at  Lewisham  and  Charlton,  is  perhaps  two  hundred  feet 
below  the  surface  of  the  flat  land  by'  the  river,  and  probably 
correspondingly  deeper  below  the  higher  land  of  the  northern 
side  of  this  part  of  the  Tbames  Valley.  The  escarpment 
parallel  with  the  faalt  is  capped  for  the  most  part  by 
die  Pebble-beds,  and  is  indented  by  small  ravines  cut  by  the 
water  iseumg  at  the  junction  of  these  porous  beds  with  the 
argillaceous  Woolwich  Beds  below.  "  Woodlands,"  a  good  ex- 
ample of  theM  frequsattj  well-wooded  and  picturesque  dells, 
■was  visited  en  rouU  lo  Clinrllon.  llie  walk  to  tlic  villsge 
of  Charlton  wilb  cnliv.-uoil  by  tlio  ie^icndary  lore  of  Sir.  C. 
White,  B  Membnr  rcniJing  i"  Ibc  nfiglibourhood,  who  amusingly 
narrated  the  historical  s«eoisat)OUS  of  this  ancient  village,  and  the 
great  Jacobean  Manor  HflBitjI^Ml cnwna  with  its  stately  facades 
and  pictures>iu>i  (E'^I'V-'TP^^^^HMBttB^  JPeeeeoding  the 
escarpment,  ^^^^H^^^^^HMHHifc  ^  often 

visileii  by  MeinbiC 
here   has    been  J 
described  in  dan| 
iv.,  p.  528). 
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ORDINARY  MEETING,  July  7th,  1876. 
William  Carruthers,  Esq.,  F.R.S.,  President,  in  the  Chair. 
The  following  Donations  were  announced  :— 

"  Abstracts  of  the  Proceedings  of  the  Geological  Society,"  No. 
820 ;  from  that  Society. 

"  Journal  of  the  Quekett  Microscopical   Club,"  No.   81 ;  from 
^  that  Club. 

"  Journal  of    the  Society  of  Arts,"  June,    1876  ;    from  that 
Society. 

"  Transactions  of  the  Manchester  Geological  Society,"  Vol.  viii., 
Part  2  ;  from  that  Society. 

"  Transactions  of  the  Watford  Natural  History  Society,"  Vol.  i.. 
Part  4  ;  from  that  Society. 

"  Proceedings  of  the  Berwickshire  Naturalists'  Club,"  Vol.  vii., 
No.  8 ;  from  that  Club. 

"  Proceedings  of  the  Bristol  Naturalists'  Society,"  New  Series, 
Vol.  i..  Part  8  ;  from  that  Society. 

"  Annual  Report  of  the  Bristol  Naturalists*  Society  for  1875 ;" 
from  that  Society. 

"  Fifth  Annual  Report  of  the  United  States  Geological  Survey  " 
(Montana),  for  1872  ;  from  Dr.  T.  V.  Ilayden. 

"  Final   Report  of    the   United  States   Geological   Survey  of 
Nebraska  ;"  from  Dr.  T.  V.  Hay  den. 

'*  Bulletin  of  the  United  States  Geological  and  Geographical 
Survey  of  the  Territories,"  Vol.  ii.,  No.  8  ;  from  Dr.  T.  V.  Hayden. 

"  Contributions  to  the  Extinct  Vertebrate  Fauna  of  the  Western 
Territories  "  (U.S.A  ),  by  Joseph  Leidy ;   from  Dr.  Hayden. 

"  A    Selection  of    the   Geological   Memoirs   contained  in  the 
'  Annales  des  Mines,'  translated  by  H.  T.  De  la  Beche,  F.R.S. ; 
from  John  Hopkinson,  Esq.,  F.L.S. 

"  Reports  of  the  Field  Meetings  of  the  Watford  Natural  History 
Society  in  1875,"  by  John  Hopkinson,  F.L.S.,  F.G.S.  ;  from  the 
Author. 

"  On  the  Origin  of  the  Serpentine  of  the  Ronda  Mountains,"  \^ 
J.  Macpherson  ;  from  the  Author. 

"  The  Physical  Structure  of  the  London 
its  Relation  to  the  Geology  of  the  Neighbo 
by  Professor  John  Morris,  F.G.S. ;  from  the 
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"  On  the  Cbronology  of  Recent  Geology,'*  by  S.  R.  Pattison, 
P.G.S. ;  from  the  Author. 

"  Sobre  las  Rocas  Eruptivas  de  la  Provincia  de  Cadiz,"  by  Don 
J.  Macpherson  ;  from  the  Author. 

The  following  were  elected  Members  of  the  Association : — 

James  A.  Aghew,  Esq.;  John  Alstone,  Esq.;  Herbert  Bamford, 
Esq. ;  Henry  Letts,  Esq. ;  Alexander  Macpherson,  Esq. ;  John 
E.  Price,  Esq.,  F.S.A.,  Gerald  Edward  Tinson,  Esq. ;  and  Lewis 
J.  May,  Esq.,  M.R.C.S. 

The  following  Papers  were  read  : — 

1.  On    the    Geology    of    Brighton,   Pa/t   II, 

By  James  Howell,  Esq. 


2.  On  the  British  Pal^ozoio  Arcadje. 
By  J.  Logan  Lobley,  Esq.,  F.G.S. 


EXCURSION  TO  THE  NORTH  WALES  BORDER. 
Monday,  July  17th,  and  Five  Following  Days. 

Directors — D.  C.Davies,  Esq.,F.G.S.,  Professor  Morris,  F.Q.S., 

and  Henry  Hicks,  Esq.,  F.G.S. 

(Report  by  Mr.  Da  vies.) 

On  Monday  afternoon  a  short  excursion  was  made  to  Cymy- 
bwch,  two  miles  west  of  Oswestry,  from  whence  a  very  fine  and 
extensive  view  was  obtained  of  the  border  counties.     Here  Pro- 
fessor Morris  pointed  out  the  difference  in  the  character  of  the 
landscape  to  the  west  from  that  to  the  east.     To  the  west  were  the 
TUgg^^  rocks    of   Silurian  age,  broken   up  and  sculptured  into 
jl0znerons  mountain  groups,  and  on  the  east  there  was  the  gently 
HH^/niating  plain  of  the  New  Red  Sandstone ;  just  to  the  west  was 
id  of  Carboniferous  Limestone,  which  at  this  point  appeared 
f^  W"Brj  thin,  but  this  was  owing  to  the  highly  inclined  position 

There  was  a  difference  in  the  manner  in  which  the 

L    L 
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8ilarian  and  Carboniferous  strata  were  deposited  ;  the  former  by 
mechanical  segregation,  the  latter  chiefly  by  living  organisms, 
which  built  up  bed  after  bed,  so  that  the  deposit  was  literally  an 
accumulation  of  organic  remains.  Mr.  Davies  pointed  out  local 
illustrations  of  what  Professor  Morris  remarked.  Pointing  west- 
ward, he  said  there  were  the  Arenig  or  Lower  Llandeilo  beds, 
which  would  be  seen  running  in  ridges  east  and  west.  Upon  these 
strata  rested  on  either  side  a  succession  of  greenstone,  felspathic 
and  porphoritic  rocks,  which  were  interstratified  with  slates,  shales, 
and  limestones,  all  of  which  led  up  to  the  Bala  Limestone,  which 
was  covered  in  its  turn  by  shales  and  a  limestone  known  as  the 
Himant  Limestone,  all  of  which,  with  the  overlying  strata,  would 
be  seen  during  the  week.  Opposite  the  point  wliere  they  stood, 
the  Carboniferous  Limestone  rested  immediately  upon  the  Llan- 
deilo and  Arenig  strata,  so  that  there  was  here  a  great  overlay  and 
a  geological  gap  between  the  two  formations  of  many  thousand  feet 
of  strata.  Northward,  however,  as  they  would  see,  Ihe  various 
intermediate  beds,  Llandeilo,  Bala, Llandovery,  Wenlock,  Old  Red 
Sandstone — all  succeeded  in  their  proper  place,  so  that  at  a  point 
ten  miles  to  the  north,  the  whole  series  was  nearly  complete. 

They  would  also  observe  the  unconformability  of  the  strata  near 
the  point  on  which  they  stood.  The  strike  of  the  Silurian  beds, 
as  indicated  by  the  mountainous  ridges  before  them,  was  east  and 
west.  That  of  the  Carboniferous  Limestone,  the  Millstone  Grit, 
and  the  Coal  Measures,  north  and  south,  or  just  at  right  angles 
one  to  the  other.  Away  in  the  distance  to  the  south-east,  they 
would  see  the  long  ridges  of  the  Longmynd,  which  were  made  up 
of  Cambrian  strata.  Those  beds  dipped  westward,  and  following 
the  various  undulations  of  the  strata,  passed  under  our  feet,  and 
came  up  in  the  Merionethshire  anticlinal,  from  Barmouth  and  Har- 
lech northward,  and  further  west  still  in  the  Cambrian  rocks  of 
Caernarvonshire.  Nearer  still  than  the  Longmynd,  was  the  ridge 
of  the  Stiperstones,  which,  with  its  associated  beds,  they  also  saw 
in  the  Breidden  range  of  hills,  and  more  largely  developed  in  the 
hard  ridges  of  greenstone  porphyry,  with  their  interstratified  beds 
which  were  spread  out  to  the  west.  In  the  smoke  to  the  south  they 
would  see  the  southern  termination  of  the  belt  of  Coal  Measures 
which  extended  along  the  Border  to  the  estuary  of  the  Dee.  Of 
the  Millstone  Grit  on  which  they  stood,  he  would  have  another 
opportunity  of  speaking,  and  he  would  conclude  by  pointing  out  the 
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ridge  of  Grinshill  and  Hawk  stone  on  the  south,  and  that  of  Peck- 
forton  on  the  north.  These  two  ridges  were  the  outcrops  of  that 
basin  or  trough  of  Reaper  Sandstones,  in  which  lay  the  great  salt 
deposits  of  this  country.  The  party  then  proceeded  to  collect 
fossils  from  the  Millstone  Qrit,  among  which  they  found  Strepto- 
rhyncua  crenistria^  Athyria  amhigua^  Spirifera  striata^  Prodttctus 
semireticulatuSf  a  large  coral  allied  to  Cliaiophyllum,  a  smaller 
species  resembling  the  Petraia  of  the  older  rocks,  and  a  fragment 
or  two  of  Trilobites.  The  party  then  proceeded  to  notice  the 
junction  between  the  Carboniferous  Limestone  and  the  Millstone 
Grit,  which  is  well  shown  on  Offa's  Dyke,  after  which  they  returned 
to  Oswestry. 

On  Tuesday  morning  the  party  assembled  at  Pontfaen,  a  romantic 
spot  on  the  river  Ceiriog,  near  Chirk,  from  which  they  proceeded 
by  the  Glyn  Valley  Tramway  to  Pontdolwern.  A  walk  of  about  a 
mile,  enlivened  by  various  flying  discussions  relating  to  the  order 
and  grouping  of  the  Llandovery,  Tarannon  and  Wenlock  strata  of 
the  district,  brought  them  to  Nant  lorwith,  where  there  is  an  old 
quarry  in  the  lower  beds  of  the  Bala  Limestone.  A  halt  was  made 
here  while  Mr.  Davies  explained  the  geological  structure  of  the 
locality.  He  said  that  two  miles  to  the  south  of  them,  a  band  of  green- 
stone surmounted  a  thick  mass  of  dark  shaly  and  slaty  rocks,  in  the 
upper  part  of  which  there  were  also  frequently  thin  bands  of  meta« 
morphic  rock.  This  greenstone  he  took  to  be  the  base  of  the 
Llandeilo  strata  of  the  district,  the  beds  below  belonging,  as  he 
thought,  to  the  Arenig  group.  Above  this  greenstone,  and  dipping 
north,  or  towards  where  they  stood,  there  was  a  thick  deposit  of 
black  shales,  with  occasional  bands  of  hard  rock.  This  was  sur- 
mounted by  a  thick  deposit  of  stratified  porphorytic  rocks  as  seen 
at  Pontymeibion  and  Llechryddau.  The  beds  of  this  group  were 
very  varied,  and  some  were  beautiful,  consisting  of  angular  frag- 
ments of  red  felspar,  cemented  in  green,  cream-coloured,  and  white 
paste.  This  porphorytic  group  was  overlaid  by  a  thick  mass  of 
dark  shales,  which  in  their  turn  were  capped  by  a  band  of  fels- 
pathic  rock,  the  upper  bed  of  which  was  very  pure,  and  was 
quarried  in  the  neighbourhood  for  the  manufacture  of  china. 
Above  this  felspathic  band  was  a  band  of  dark  limestone,  not 
marked  on  the  maps,  which  he  took  to  be  the  equivalent  in  North 
Wales  of  the  Llandeilo  Limestone  of  the  South.  This  limestone 
was  rich  in  fosbils.     He  thought  it  corresponded  to   the  limestone 


556  EZOXJBSION  TO   SAKDGATB   AND   FOLKESTONE. 

laria  zone  in  the  cliff,  the  Junction-bed,  between  the  Upper 
Neocomian  and  the  Gault,  with  the  snlphnr-band  of  the  zone  of 
Ammonites  interruptus  resting  upon  it.*  As  Copt  Point  is  turned, 
these  beds  are  lost  beneath  the  sea  leyel,  and  the  beds  of  the 
Lower  and  Upper  Gault,  which  form  the  cliff  at  this  point,  become 
Diore  accessible. 

In  F]ast  Weir  Bay,  these  beds  are  no  longer  in  situ  as  they  were 
seen  at  Copt  Point,  for,  owing  to  frequent  landslips  they  have  all 
been  thrown  down,  and  form  the  floor  of  the  sea  shore.  It  being 
low-water  at  the  time  of  our  visit,  the  Members  were  able  to  examine 
the  lithological  and  palseontological  characters  of  the  various  zones, 
which  were  explained  by  the  Director.  Mr.  John  Griffiths,  the 
well-known  fossil  collector  of  Folkestone,  being  engaged  for  the 
day,  disclosed  with  his  pickaxe  the  richness  of  the  formation,  and 
many  typical  fossils  were  collected  by  Members. 

Having  passed  over  the  Gault,  Mr.  Hilton  Price  pointed  out  the 
junction  between  the  Upper  Gault  and  the  so-called  Upper  Green- 
sand,  which  rests  conformably  upon  the  Gault,  with  a  few  pipings 
of  the  dark-green  iparly  sand  passing  down  into  the  marly  beds 
of  the  Upper  Gault.  This  deposit  is  only  about  14  feet  in  thick- 
ness here,  and  passes  gradually  into  the  Chalk  Marl,  the  green 
grains  continuing  upwards  for  several  feet — this  formation  is  poor 
in  organic  remains.  The  Chalk  Marl,  on  the  contrary,  is  very 
fossiliferous,  and  is  about  10  feet  in  thickness. 

At  this  juncture  the  Members  very  reluctantly  abandoned  going 
on  further,  owing  to  want  of  time,  and  returned  through  the 
Warren  to  the  South  Eastern  Railway  Station,  from  which  they 
proceeded  to  town  by  the  evening  train. 

•  The  position  of  the  large  PlesiosauruSf  which  was  fonnd  by  Mr.  Griffiths 
in  the  cliff  near  Copt  Point,  in  Bed  II.  of  the  Gault,  was  pointed  oat  to  the 
party. 
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EXCURSION  TO  BLACKHEATH  AND  CHARLTON. 

July  1st,  1876. 

Director, — Professor  Morris,  F.G.S. 

Leaving  Blackbeath  Station,  the  party  walked  across  the  heath 
to  the  south-east  comer  of  the  plateau,  and  at  the  edge  of  one  of 
the  gravel  pits   which    expose  its  geological  structure,   gathered 
round  the  Director,  who  explained  the  geology  of  the  district. 
After  pointing  out  the  characters  of  the  pebbles  composing  the 
so-called  "  Oldbaven  Beds"  on  which  they  stood  (see  Proc.  Geol. 
Assoc,  Vol.  iv.,  p.  498),  Professor  Morris  reminded  his  hearers 
that  these  great  accumulations  of  shingle  occupied  a  large  area  in 
Kent,  forming  several  plateaux,  as  Blackheath,  Lessness  Heath, 
and  Plumstead  Common,  as  well  as  the  hills  of  Shirley  and  much 
of  the  ground  about  Bromley  and  Chislehurst.     The  great  fault 
running  east  and  west  along  the  south  side  of  the  Thames  where 
the  ground  begins  to  rise  from  the  alluvial  flats,  throws  down  the 
Lower  Eocenes,  and  the  Chalk,  which  is  revealed  above  the  river- 
level  at  Lewisham  and  Charlton,  is  perhaps  two    hundred  feet 
below  the  surface  of  the  flat  land  by'  the  river,  and  probably 
correspondingly  deeper    below  the  higher  land  of  the   northern 
side  of   this    part    of    the  Thames    Valley.       The    escarpment 
parallel  with    the    fault    is     capped     for    the     most     part    by 
the  Pebble-beds,  and  is   indented   by  small    ravines  cut  by  the 
water   issuing   at   the  junction    of  these  porous   beds   with  the 
argillaceous  Woolwich  Beds  below.     "  Woodlands,"  a  good   ex- 
ample  of    these   frequently   well-wooded  and   picturesque   dells, 
was   visited   en   route    to    Charlton.      The   walk   to   the   village 
of   Charlton   was   enlivened    by  •  the   legendary   lore  of   Mr.    C. 
White,  a  Member  residing  in  the  neighbourhood,  who  amusingly 
narrated  the  historical  associations  of  this  ancient  village,  and  the 
great  Jacobean  Manor  House  which  crowns  with  its  stately  facades 
and    picturesque   gables   the   highest  ground.      Descending  the 
escarpment,   the   party   entered    the   great    Chalk  pit   so   often 
visited  by  Members  of  the  Geologists'  Association.     The  section 
here   has   been   frequently    mentioned   in    these    pages,   and  is 
described  in  detail  in  the  present  volume  (Proc.  Geol.  Assoc.,  Vol. 
iv.,  p.  528). 
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ORDINARY  MEETING,  July  7th,  1876. 
William  Carruthkrs,  Esq.,  F.R.S.,  President,  in  the  Chair. 
The  following  Donations  were  announced : — 

'*  Abstracts  of  the  Proceedings  of  the  Geological  Society,"  No. 
820 ;  from  that  Society. 

"  Journal  of  the  Quekett  Microscopical   Club,"  No.   81 ;  from 
^  that  Club. 

"  Journal  of  the  Society  of  Arts,"  June,  1876  ;  from  that 
Society. 

"  Transactions  of  the  Manchester  Geological  Society,"  Vol.  viii., 
Part  2  ;  from  that  Society. 

**  Transactions  of  the  Watford  Natural  History  Society,"  Vol.  i.. 
Part  4  ;  from  that  Society. 

"  Proceedings  of  the  Berwickshire  Naturalists'  Club,"  Vol.  vii., 
No.  3 ;  from  that  Club. 

"  Proceedings  of  the  Bristol  Naturalists'  Society,"  New  Series, 
Vol.  i.,  Part  3  ;  from  that  Society. 

"  Annual  Report  of  the  Bristol  Naturalists'  Society  for  1875 ;" 
from  that  Society. 

"  Fifth  Annual  Report  of  the  United  States  Geological  Survey  " 
(Montana),  for  1872  ;  from  Dr.  T.  V.  Ilayden. 

"  Final  Report  of  the  United  States  Geological  Survey  of 
Nebraska  ;"  from  Dr.  T.  V.  Hayden. 

'*  Bulletin  of  the  United  States  Geological  and  Geographical 
Survey  of  the  Territories,"  Vol.  ii..  No.  3  ;  from  Dr.  T.  V.  Hayden. 

"  Contributions  to  the  Extinct  Vertebrate  Fauna  of  the  Western 
Territories  "  (U.S. A  ),  by  Joseph  Leidy ;   from  Dr.  Hayden. 

"  A  Selection  of  the  Geological  Memoirs  contained  in  the 
*  Annalcs  des  Mines,'  translated  by  H.  T.  De  la  Beche,  F.R.S. ;" 
from  John  Hopkinson,  Esq.,  F.L.S. 

"  Reports  of  the  Field  Meetings  of  the  Watford  Natural  History 
Society  in  1875,"  by  John  Hopkinson,  F.L.S.,  F.G.S.  ;  from  the 
Author. 

"  On  the  Origin  of  the  Serpentine  of  the  Ronda  Mountains,"  by 
J.  Macpherson  ;  from  the  Author. 

"  The  Physical   Structure  of  the  London  Basin,  considered  in 
its  Relation  to  the  Geology  of  the  Neighbourhood    of  Watford, 
by  Professor  John  Morris,  F.G.S. ;  from  the  Author. 
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"  On  the  Chronology  of  Recent  Geology,"  by  S.  H.  Pattison, 
F.G.S. ;  from  the  Author. 

"  Sobre  las  Hocas  Eruptivas  de  la  Provincia  de  Cadiz,"  by  Don 
J.  Macpherson  ;  from  the  Author. 

The  following  were  elected  Members  of  the  Association : — 

James  A.  Agnew,  Esq.;  John  Alstone,  Esq.;  Herbert  Bamford, 
Esq. ;  Henry  Letts,  Esq. ;  Alexander  Macpherson,  Esq. ;  John 
E.  Price,  Esq.,  F.S.A.,  Gerald  Edward  Tinson,  Esq. ;  and  Lewis 
J.  May,  Esq.,  M.R.C.S. 

The  following  Papers  were  read  : — 

1.  On    THE    Geology    of    BniaHTON,   Pa/t    II, 

By  James  Howell,  Esq. 


2.  On  the  British  Pal^ozoio  Aroadje. 
By  J.  Logan  Loblby,  Esq.,  F.G.S. 


EXCURSION  TO  THE  NORTH  WALES  BORDER. 

Monday,  July  17th,  and  Five  Following  Days. 

Directors — D.  C.Davies,  Esq.,  F.G.S.,  Professor  Morris,  F.G.S., 

and  Henry  Hicks,  Esq.,  F.G.S. 

(Eejpwt  hy  Mr.  Davies.) 

On  Monday  afternoon  a  short  excursion  was  made  to  Cymy- 
bwch,  two  miles  west  of  Oswestry,  from  whence  a  very  fine  and 
extensive  view  was  obtained  of  the  border  counties.  Here  Pro- 
fessor Morris  pointed  out  the  difference  in  the  character  of  the 
landscape  to  the  west  from  that  to  the  east.  To  the  west  were  the 
rugged  rocks  of  Silurian  age,  broken  up  and  sculptured  into 
numerous  mountain  groups,  and  on  the  east  there  was  the  gently 
undulating  plain  of  the  New  Red  Sandstone ;  just  to  the  west  was 
a  band  of  Carboniferous  Limestone,  which  at  this  point  appeared 
to  be  very  thin,  but  this  was  o^ving  to  the  highly  inclined  position 
of  the  strata.     There  was  a  difference  in  the  manner  in  which  the 

L    L 
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8ilnrian  and  Carboniferous  strata  were  deposited  ;  the  former  by 
mechanical  segregation,  the  latter  chiefly  by  living  organisms, 
which  built  up  bed  after  bed,  so  that  the  deposit  was  literally  an 
accumulation  of  organic  remains.  Mr.  Davies  pointed  out  local 
illustrations  of  what  Professor  Morris  remarked.  Pointing  west- 
ward, he  said  there  were  the  Arenig  or  Lower  Llandeilo  beds, 
which  would  be  seen  running  in  ridges  east  and  west.  Upon  these 
strata  rested  on  either  side  a  succession  of  greenstone,  felspathic 
and  porphoritic  rocks,  which  were  interstratified  with  slates,  shales, 
and  limestones,  all  of  which  led  up  to  the  Bala  Limestone,  which 
was  covered  in  its  turn  by  shales  and  a  limestone  known  ns  the 
Himant  Limestone,  all  of  which,  with  the  overlying  strata,  would 
be  seen  during  the  week.  Opposite  the  point  where  they  stood, 
the  Carboniferous  Limestone  rested  immediately  upon  the  Llan- 
deilo and  Arenig  strata,  so  that  there  was  here  a  great  overlay  and 
a  geological  gap  between  the  two  formations  of  many  thonsand  feet 
of  strata.  Northward,  however,  as  they  would  see,  Ihe  various 
intermediate  beds,  Llandeilo,  Bala,  Llandovery,  Wenlock,  Old  Red 
Sandstone — all  succeeded  in  their  proper  place,  so  that  at  a  point 
ten  miles  to  the  north,  the  whole  series  was  nearly  complete. 

They  would  also  observe  the  unconformability  of  the  strata  near 
the  point  on  which  they  stood.  The  strike  of  the  Silurian  beds, 
as  indicated  by  the  mountainous  ridges  before  them,  was  east  and 
west.  That  of  the  Carboniferous  Limestone,  the  Millstone  Grit, 
and  the  Coal  Measures,  north  and  south,  or  just  at  right  angles 
one  to  the  other.  Away  in  the  distance  to  the  south-east,  they 
would  see  the  long  ridges  of  the  Longmynd,  which  were  made  up 
of  Cambrian  strata.  Those  beds  dipped  westward,  and  following 
the  various  undulations  of  the  strata,  passed  under  our  feet,  and 
came  up  in  the  Merionethshire  anticlinal,  from  Barmouth  and  Har- 
lech northward,  and  further  west  still  in  the  Cambrian  rocks  of 
Caernarvonshire.  Nearer  still  than  the  Longmynd,  was  the  ridge 
of  the  Stiperstones,  which,  with  its  associated  beds,  they  also  saw 
in  the  Breidden  range  of  hills,  and  more  largely  developed  in  the 
hard  ridges  of  greenstone  porphyry,  with  their  in terst ratified  beds 
which  were  spread  out  to  the  west.  In  the  smoke  to  the  south  they 
would  see  the  southern  termination  of  the  belt  of  Coal  Measures 
which  extended  along  the  Border  to  the  estuary  of  the  Dee.  Of 
the  Millstone  Grit  on  which  they  stood,  he  would  have  another 
opportunity  of  speaking,  and  he  would  conclude  by  pointing  out  the 
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ridge  of  Grinshill  and  Hawk  stone  on  the  south,  and  that  of  Peck- 
forton  on  the  north.  These  two  ridges  were  the  outcrops  of  that 
hasin  or  trough  of  Keaper  Sandstones,  in  which  lay  the  great  salt 
deposits  of  this  country.  The  party  then  proceeded  to  collect 
fossils  from  the  Millstone  Qrit,  among  which  they  found  Strepto- 
rhyncu8  a'enistfia,  Athyria  amhigua,  Spirt/era  striata,  Pvoductus 
semireticulatus,  a  large  coral  allied  to  Clisiophyllum,  a  smaller 
species  resemhling  the  Petraia  of  the  older  rocks,  and  a  fragment 
or  two  of  Trilobites,  The  party  then  proceeded  to  notice  the 
junction  hetween  the  Carboniferous  Limestone  and  the  Millstone 
Grit,  which  is  well  shown  on  Offa's  Dyke,  after  which  they  returned 
to  Oswestry. 

On  Tuesday  morning  the  party  assembled  at  Pontfaen,  a  romantic 
spot  on  the  river  Ceiriog,  near  Chirk,  from  which  they  proceeded 
by  the  Glyn  Valley  Tramway  to  Pontdolwern.  A  walk  of  about  a 
mile,  enlivened  by  various  flying  discussions  relating  to  the  order 
and  grouping  of  the  Llandovery,  Tarannon  and  Wenlock  strata  of 
the  district,  brought  them  to  Nant  lorwith,  where  there  is  an  old 
quarry  in  the  lower  beds  of  the  Bala  Limestone.  A  halt  was  made 
here  while  Mr.  Davies  explained  the  geological  structure  of  the 
locality.  He  said  that  two  miles  to  the  south  of  them,  a  band  of  green- 
stone surmounted  a  thick  mass  of  dark  shaly  and  slaty  rocks,  in  the 
upper  part  of  which  there  were  also  frequently  thin  bands  of  meta« 
morphic  rock.  This  greenstone  he  took  to  be  the  base  of  the 
Llandeilo  strata  of  the  district,  the  beds  below  belonging,  as  he 
thought,  to  the  Arenig  group.  Above  this  greenstone,  and  dipping 
north,  or  towards  where  they  stood,  there  was  a  thick  deposit  of 
black  shales,  with  occasional  bands  of  hard  rock.  This  was  sur- 
mounted by  a  thick  deposit  of  stratified  porphorytic  rocks  as  seen 
at  Pontymeibion  and  Llechryddau.  The  beds  of  this  group  were 
very  varied,  and  some  were  beautiful,  consisting  of  angular  frag- 
ments of  red  felspar,  cemented  in  green,  cream-coloured,  and  white 
paste.  This  porphorytic  group  was  overlaid  by  a  thick  mass  of 
dark  shales,  which  in  their  turn  were  capped  by  a  band  of  fels- 
pathic  rock,  the  upper  bed  of  which  was  very  pure,  and  was 
quarried  in  the  neighbourhood  for  the  manufacture  of  china. 
Above  this  felspathic  band  was  a  band  of  dark  limestone,  not 
marked  on  the  maps,  which  he  took  to  be  the  equivalent  in  North 
Wales  of  the  Llandeilo  Limestone  of  the  South.  This  limestone 
was  rich  in  fosbils.     Ue  thought  it  corresponded  to   the  limestone 
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at  Craig  y  Glyn,  eight  miles  to  the  S.W.  on  the  other  side  of  the 
anticlinal  he  spoke  of  yesterday.  Then  came  more  shales,  followed 
by  a  thin  ash  bed,  known  as  "  The  Bala  Ash,"  which  might  fairly 
be  taken  as  the  boundary  between  the  Llandeilo  rocks  below  and 
the  Bala  or  Caradoc  group  above.  Th«y  could  see  this  ash  bed 
close  to  where  they  stood,  and  would  observe  that  it  did  not  lie  far 
below  the  Bala  Limestone.  They  would  soon  find  how  rich  this 
limestone  was  in  fossils.  The  lower  beds,  as  they  saw,  were 
massive,  but  in  a  quarry  higher  up  in  the  series,  to  be  visited 
presently,  the  beds  were  much  thinner,  and  were  interstratified 
with  shales.  In  those  higher  beds  the  prevailing  corals  Halysites 
and  Heliolites  appeared  in  plenty.  The  limestone  was  about  300 
feet  thick,  and  it  was  not  nearly  so  fragmentary  and  inconstant  as 
it  had  sometimes  been  represented  to  be.  Above  the  Limestone 
lay  some  fossiliferous  pale  shales,  and  then  came  the  Himant  Lime- 
stone, so  called  because  it  was  observed  first  in  the  valley  of  the 
Himant,  near  Bala.  This  limestone  he  took  as  the  summit  of  the 
Bala  Group.  Above  it  came  the  Llandovery  Beds,  which  lay  before 
them  to  the  north-east,  and  which  were  surmounted  by  the  hills  of 
Wenlock  Shale  on  the  other  side  of  the  valley.  The  Llandovery 
beds  thickened  greatly  in  their  progress  to  the  north-west  towards 
Corwen,  so  that  at  this  point  they  were  present  only  in  an  attenuated 
form.     The  Wenlock  beds  would  be  visited  another  day. 

Dr.  Hicks  then  made  some  remarks  concerning  the  mode  of  the 
deposition  of  the  groups  of  strata  described.  He  said  he  would  be 
glad  to  know  whether  the  strata  absent  at  this  point  belonged  to  the 
lower  or  upper  beds  of  the  Llandovery  group,  and  whether  the  gap 
lay  between  the  Llandovery  beds  and  the  Tarannon  Shale,  or  between 
the  latter  and  the  Wenlock  beds.  It  was  also  a  question  whether 
the  Tarannon  beds  were  most  nearly  allied  to  the  Wenlock  or  to  the 
Llandovery.  He  could  hardly  agree  with  the  unconformability 
described,  and  suggested  that  the  absence  of  several  of  the  beds 
might  be  due  to  a  fault. 

Mr.  Davies,  in  reply,  said  that  he  bad  considered  whether  the 
absence  of  many  of  the  Llandovery  beds  might  be  due  to  a  fault, 
but  he  failed  to  see  how  that  could  account  for  the  fact  of  the 
gradual  thickening  of  the  beds  northward,  and  the  disappearance 
one  by  one  of  the  underlying  beds  southward,  until,  as  pointed  out 
yesterday,  west  of  Cymybwch,  the  Carboniferous  Limestone  lay 
directly  upon  Lower  Llandeilo  or  Arenig  strata.     It  was  the  upper 
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members  of  the  Llandovery  beds  that  were  absent  there,  and  north- 
ward they  appeared  one  by  one  from  nndemcath  the  Tarannon 
Bhale.  Though  the  gap  at  this  point  lay  between  the  Tarannon 
Bhale  and  the  Llandovery  beds,  yet  he  regarded  the  former  as  being 
more  allied  to  the  latter  group  than  to  the  Wenlock  Shale. 

Professor  Morris  spoke  of  the  importance  of  the  questions  they 
were  discussing,  and  the  grandeur  of  the  geological  phenomena 
implied  in  massing  together  the  groups  of  strata  just  described. 
The  only  way  of  arriving  at  a  satisfactory  solution  of  many  geolo- 
gical problems  was  by  careful  local  investigation,  associated  with  a 
broad  correlation  of  similar  phenomena  over  a  large  area. 

The  search  for  fossils  then  began,  and  was  rewarded  by  many  spe- 
cimens of  Lingula  longissimOy  Orthia  calligramma^  0.  elegantula^  0, 
Actonia,  0.  porcata^  Strophomena  depressa,  Theca,  Bellerophon^  LitU" 
xteSy  Asaphus  Fowisii,  Phacops,  Trinucleus,  and  other  well-known 
fossils  of  the  Bala  Limestone. 

The  party  then  ascended  to  Cefn-y-Coed  quarry,  where  some  good 
examples  of  Halysites  catenularis  were  obtained.  A  scramble  over 
the  edges  of  the  overlying  shales  led  to  the  Himant  Limestone, 
some  of  the  beds  of  which  were  a  mass  of  fragments  of  organic 
remains.  A  start  was  then  made  for  the  New  Inn,  Glyn  Ceiriog, 
where  luncheon  had  been  hospitably  provided  by  a  Member  of  the 
Association,  Mr.  John  Jones,  F.K.G.S.,  who  is  the  owner  of 
property  in  the  valley. 

Afterwards  most  of  the  party  walked  up  the  valley  to  its  junction 
with  that  of  the  Deirw,  where  a  good  view  was  obtained  of  the 
fclspathic  and  porphoritic  rocks,  which  had  been  described  in  the 
morning. 

On  Wednesday  the  first  point  of  interest  visited  was  a  quarry 
in  the  Carboniferous  Limestone,  at  Dolcoch,  three  miles  south  of 
Oswestry.  From  this  a  good  view  of  the  whole  series  of  lime- 
stones could  be  seen.  Mr.  Davies  said  the  party  then  stood  within 
three  miles  of  the  southern  termination  of  the  band  of  Carbon- 
iferous Limestone,  which  runs  along  the  North  Wales  Border.  He 
described  it  as  consisting  in  ascending  order  of  first  a  series  of  pale- 
coloured  beds,  much  quarried  for  fluxing  stone ;  secondly,  a  series 
of  thin  grey  beds  which,  in  that  neighbourhood,  passed  into  a 
reddish  impure  limestone  used  for  mending  roads ;  and,  thirdly,  a 
succession  of  grey  limestones  and  shales  abounding  in  corals, 
jPi'oductuSf  Sjiirifi'Vay  and  the  usual  fossils,  and  noted  in  this  neigh- 
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bourhood  for  occasional  large  specimens  of  Orthoceratites  and 
Nautilus.  The  quarry  they  were  in  was  in  the  middle  portion  of 
these  upper  beds,  and  he  had  no  doubt  many  fossils  would  be  found. 
Professor  Morris  described  the  characteristics  of  the  genus  Pro- 
ductus,  the  most  abundant  group  of  shells  in  the  Limestone,  and 
stated  that  Dr.  Chas.  Barrois,  who  was  present,  was  much  struck 
with  the  resemblance  of  the  Limestone  to  that  of  Yesey,  in 
Belgium.  Among  the  fossils  found  were  Strophomena  analoga, 
Productus  latissimuSf  P,  gigmteus,  P,  Youngianus,  Chonetts 
Hardrensis,  Streptorhyncus  crenistna  with  its  variety  senilis^  Athyris 
Roysiij  Rhynconella  pugnua,  R,  pleurodon,  Orthis  resupinata, 
0,  Michelini  with  Lithostrotion  irregulart,  and  other  corals,  also 
several  specimens  of  Conchifera,  not  determined.  The  position  of 
the  corals  and  shells  in  situ  in  the  beds  was  also  noticed,  showing 
how  their  remains  constituted  the  greater  part  of  some  of  the  layers 
of  limestone. 

After  luncheon,  kindly  provided  in  the  Summer-house  by  Mr. 
Stanley  Leigh  ton,  M.P.,  a  visit  was  made  to  a  quarry  in  the 
Millstone  Grit,  close  by.  After  numerous  specimens  of  Productus 
aemireticulatus  had  been  obtained  from  one  of  the  upper  sandstone 
beds  where  they  lay  in  shoals.  Mr.  Davies  gave  a  brief  description 
of  the  Millstone  Grit  of  tlie  district.  He  described  it  as  about  300 
feet  thick.  It  consists  of  a  series  of  red  and  yellow  sandstones  at 
the  base.  These  are  often  coarse  tfnd  pebbly  in  structure ;  but  they 
contain  numerous  fossils,  including  the  Permian  shell  Schizodus, 
In  the  middle  portion  there  were  some  calcareous  sandstones,  which, 
in  their  progress  northwards,  become  decided  limestones,  and  were 
quarried  near  Mold  for  agriculUiral  lime.  The  upper  portion,  in 
which  the  quarry  was  situated,  consisted  of  massive  beds  of  white 
and  buff-coloured  sandstones,  with  coarse  pebbly  beds,  and  thin  clay 
and  iron  stones.  It  was  from  this  quarry,  and  from  the  bed  from 
which  the  shells  had  just  been  obtained,  that  a  large  OHhoceratite, 
about  6ft.  long,  and  1ft.  6in.  in  diameter  at  the  largest  end,  had  been 
obtained.  That  specimen  was  now  in  the  Derby  Museum,  Liver- 
pool. He  regarded  the  beds  from  the  calcareous  bands  downwards 
to,  and,  perhaps,  inclusive  of  the  uppermost  Carboniferous  Lime- 
stones and  shales,  as  the  equivalent  of  the  Yoredale  Series  of  the 
North  of  England.  Above  the  middle  limestones  was  the  true 
Millstone  Grit.  Although  the  Coal  Measures  came  in  just  outside 
the  quarry,  these  were  not  the  highest  beds  of  the  formation.    Those 
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seen  on  Monday  afternoon  were  higher,  and  the  sandstones  at 
Trevor,  near  Llangollen  were  higher  still.  Associated  with  the 
shells  in  the  quarry  were  stems  of  Calamites,  and  fragments  of 
other  Coal  Measure  plants,  whioh  were  the  heralds  of  the  more 
abundant  flora  of  which  the  Coal  beds  were  formed.  He  directed 
attention  to  the  curious  "  pockets "  which  occurred  in  the  solid 
sandstone  on  all  sides  of  the  quarry,  and  would  like  to  hear 
Professor  Morris*  explanation  of  them. 

Professor  Morris  said  the  material  of  the  pockets  was,  he 
believed,  made  up  of  iron  and  manganese,  mixed  with  loose  sand. 
There  was  an  absence  in  the  pockets  of  the  felspar,  which  was  the 
cementing  matrix  of  the  sandstone.  It  had  been  observed  that 
there  was  a  tendency  in  minerals  to  segregate  around  a  common 
base,  and  instanced  some  mines  in  Spain  where  the  same  tendency 
was  observed  among  the  metallic  refuse. 

The  middle  calcareous  beds  were  then  visited,  at  which  point  the 
party  got  unintentionally  separated.  One  section  made  for  some 
old  qnarries  at  Wem,  where  many  corals  were  found.  These 
included  Lithostrotion  irregulare,  L.junceuUy  L,  minor y  L.  Jloriforme^ 
L,  Martini^  L,  major y  Phillipsnstrea  radiata,  and  F.  tuherosa.  The 
other  section  went  by  the  quarries  at  Treflach,  where  they  found 
Zaphrentts  cylindrical  Syringopora  ramvlosa,  S.  gemiculata,  and 
Alveolites  septosa,  in  addition  to  some  of  the  corals  enumerated 
above.  A  large  party  proceeded  to  the  hill  Moelydd,  from  which  a 
grand  panoramic  view  of  the  mountains  of  North  Wales,  as  well  as 
of  the  Shropshire  and  Cheshire  plains  was  obtained.  Professor 
Morris  gave  an  address  on  the  geographical  features  of  the  land- 
scape, in  which  he  pointed  out  the  difference  between  the  conical 
Silurian  hills,  and  the  battlemented  ridges  of  Limestone,  whose 
escarpments  were  so  well  seen  from  where  they  stood.  He  noticed 
how  the  edges  of  the  limestone  beds  abutted  below  their  feet 
against  the  greenstone  boss  which  forms  the  western  face  of  the 
hill,  whose  true  place  was  thousands  of  feet  below  them.  He  also 
pointed  out  how  the  beautiful  crystals  of  sulphide  of  iron  the  rock 
contained,  indicated  the  presence  of  vegetation  in  the  early  sea 
in  which  it  was  formed.  Li  the  comparative  level  of  the  plains  to 
the  east  they  saw  the  greater  freedom  from  disturbances  which 
characterized  the  newer  deposits. 

Few  of  those  who  were  present  will  forget  either  the  scene  or 
the  address. 
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On  Thurspay  the  party  proceeded  by  rail  to  Llanderfel  Station. 
After  refreshments,  thoughtfully  prepared  by  Mr.  Ruddy,  had  been 
disposed  of,  and  an  inspection  of  an  interesting  series  of  fossils, 
collected  by  that  gfiutleman,  a  quarry  in  the  "Wenlock  Shale  at 
Bryn  Sylwrn,  was  visited.  Here  Dtplograpsua  priatia  and  Retiolites 
Geinitzianua  (the  latter  a  rare  form),  were  found,  also  beautifully 
preserved  specimens  of  the  internal  tubes  of  Orthoceraa  primcevum^ 
with  Athyria  marginalia.  Professor  M*Kenny  Hughes,  who  had 
joined  the  party  that  day,  pointed  out  the  striation  of  the  rock  sur- 
face ;  and  the  difference  between  cleavage,  joints,  and  bedding. 
He  showed  how  the  beds  of  the  quarry  rested  upon  the  Tarannon 
Shale  close  by,  and  how,  with  their  overlying  grits,  and  uppermost 
slates,  they  dipped  under  the  Berwyns,  and  rose  again  on  the 
other  side. 

The  ascent  of  the  Berwyn  Mountains  was  then  made.  Professor 
Peters,  F.G.S.,  of  Bala,  pointed  out  objects  of  local  interest,  and 
halts  were  made  to  admire  the  scenery,  which  embraced  most  of 
the  Welsh  mountain  ranges.  Before  descending  to  Llangynog,  a 
visit  was  paid  to  a  mine  worked  in  the  Phosphate  Bed  of  the  Bala 
Limestone.  Mr.  Davies  described  the  position  of  this  bed,  as 
being  at  the  top  of  the  Bala  Limestone,  which  there  was  about 
800ft.  thick.  The  bed  varied  from  9  to  18  inches  in  thickness,  it 
was  nodular  in  form,  and  £ome  of  the  nodules  still  preserved  their 
organic  structure.  The  question  had  been  raised:  was  the  bed 
deposited  pure  and  simple  from  the  phosphoric  acid  diffused 
through  the  water,  or  was  it  first  taken  up  into  organic  life  and 
then  deposited?  The  latter,  he  thought,  was  the  true  theory, 
where  the  mineral  occurred,  as  it  did  in  Wales,  in  wide  spread 
beds.  Most  of  the  party  went  into  the  mine,  and  saw  the  bed  ; 
some  of  the  more  adventurous  followed  it  through  all  the  workings. 
Orthts  spiri/eroides,  and  other  fossils,  were  obtained  from  one 
of  the  beds  of  the  Bala  Limestone,  and  then  the  party  made  the 
best  of  their  way  down  the  valley  of  the  Rhiwarth,  to  the  New  Lin, 
to  Llangynog,  where  luncheon  had  been  amply  provided  by  a 
Member  of  the  Association,  Mr.  John  Dovaston,  of  the  Nursery, 
West  Felton.  Tlianks  to  Mr.  Dovaston  were  feelingly  proposed 
by  Professor  Morris.  In  the  unavoidable  absence  of  Mr.  Dovaston, 
Mr.  Davies  replied  for  him,  and  added  that  they  were  glad  that 
while  the  name  was  already  associated  with  the  legendary  lore  of 
the  district,  it  would  also  become  connected  with  the  local  scientific 
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explorations.  After  dinner  the  Members  assembled  under 
the  Bhiwartb  slate  quarry,  where,  by  the  kindness  of  Mr. 
George  Savin,  and  Mr.  Roberts,  the  manager,  much  interesting 
information  was  obtained. 

By  the  aid  of  a  large  section,  Mr.  Davies  explained  the  struc- 
ture of  the  Berwyn  Hills,  and  the  country  generally,  lying  between 
Llanfyllin  and  Dinas  Mawddwy,  and  he  pointed  out  the  corres- 
pondence stratigraphically  of  the  Llangynog  slate  rocks  with  those 
of  the  Ffestiniog  district.  He  also  took  the  opportunity,  in  the 
presence  of  the  Woodwardian  Professor  of  Cambridge,  to  pay  a 
tribute  of  respect  to  the  memory  of  the  late  Professor  Sedgwick, 
who  was  the  iSrst  to  unravel  the  intricate  geology  of  North  Wales. 
It  gave  him  joy,  he  said,  standing  in  the  midst  of  the  rocks,  among 
which  Sedgwick  had  laboured,  to  be  surrounded  both  by  older  and 
younger  geologists,  who  believed  in  the  true  classification  and 
philosophical  teaching  of  that  great  master  of  the  science.  Pro- 
fessor Hughes  thanked  Mr.  Davies  for  the  kind  and  true  words  he 
had  spoken  of  his  predecessor,  and  went  on  to  describe  very  graphi- 
cally the  way  in  which  the  mountains  and  valleys  had  been  sculp- 
tured into  their  present  form  by  the  streams  wearing  back  the 
ends  of  the  cwms  or  vallies.  Dr.  Hicks  described  the  strata 
lying  below  those  given  in  Mr.  Davies*s  section,  the  Menevian 
and  Upper  Cambrian  groups  with  the  many  remains  of  former 
life  which  had  latterly  been  discovered  in  them,  and  after  a  few 
concluding  words  from  Professor  Morris,  the  party  started  for 
Oswestry,  stopping  by  the  way  to  notice  the  curved  strata  near 
the  Bowling  Green  at  Llangedwyn.  Oswestry  was  reached  at  ten 
o'clock. 

On  Friday  morning  the  district  of  Trevor  and  Llangollen  were 
visited.  The  first  point  of  interest  was  the  brick-works  of  Mr.  C, 
Mason,  which  lie  on  the  junction  of  the  Millstone  Grit  with  the 
Coal  Measures.  The  various  beds  were  described,  and  their  rela- 
tion to  similar  beds  in  Lancashire  and  Yorkshire  was  pointed 
out.  The  party  was  then  led  by  Mr.  Mason  to  a  new  railway 
cutting,  in  which  a  good  section  of  the  Chwarele  coal  and  clay  was 
exposed  :  some  interesting  plant  remains  were  observed  on  the 
sandstones.  The  Garth  limestone  quarries  were  next  reached, 
and  a  halt  made,  in  which  there  was  a  successful  search  for  fossils, 
several  groups  of  which  were  described  by  Professor  Morris.  A 
hot  walk  brought  the  party  to  the  bold  ridge  of  the  Eglwyseg  rocks, 
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near  Tan-y-Castell,  where  many  good  specimens  of  the  fossil  shell 
Productus  LlangoUensia  were  obtained.  At  this  point  Professor 
Hughes  and  Dr.  Hicks  left  the  party,  some  of  whom  prolonged 
their  walk  to  Valle  Crucis  Abbey,  and  the  rest  walked  leisurely  to 
Llangollen.  Mr.  and  Mrs.  James  Barnes  had  preyionsly  invited 
the  Members  of  the  Association  and  their  friends  to  dine  at  Brook- 
side  House  on  this  evening.  About  twenty-two  assembled  there, 
and  sat  down  to  a  sumptuous  dinner,  elegantly  served.  In  returning 
thanks  to  Mr.  and  Mrs.  Barnes,  Professor  Morris  spoke  of  the 
very  great  kindness  and  respect  they  had  shown  to  the  Association, 
which  had  never  been  so  hospitably  entertained  as  it  had  been 
during  the  visit  to  the  North  Wales  Border.  Mr.  J.  R.  Barnes 
spoke  of  the  pleasure  it  had  been  to  Mrs.  Barnes  and  himself  to 
welcome  them.  Votes  of  thanks  were  then  accorded  to  the  Direc- 
tors of  the  excursion  and  to  the  Secretary,  and  a  long  and  successful 
day  was  brought  to  a  close.  . 

On  Saturday  morning  seteral  of  the  Members  again  enjoyed  the 
hospitality  of  Mr.  Doveston,  at  the  Nursery  ;  and  the  week's  pro- 
ceedings, which  had  been  favoured  with  bright  weather,  terminated. 


The  Bagshot  Sands  in  the  Isle  of  Sueppby. 
By   Major   F.  Duncan,  D.C.L.,   L.L.D.,  F.G.S.,  &c. 

Paper  read  March  Srd,  1876. 

After  referring  to  Prof.  Prestwich*s  statement  that  natural 
sections  of  the  Bagshot  Sands  are  extremely  rare,  the  author 
stated  the  occurrence  of  a  road-section  in  the  village  of  Minster 
of  beds  of  sand  reposing  upon  London  Clay,  which  he  considered,  in 
accordance  with  the  opinion  of  Prof.  Prestwich  and  Prof.  McKenny 
Hughes,  to  be  an  exposure  of  Bagshot  Sands.  The  sands  are  of 
a  light  yellow  colour,  in  some  places  passing  into  a  "  rusty  yellow," 
as  described  by  Mr.  Whitaker;  while  the  presence  of  clayey 
matter  and  the  absence  of  fossils  completes  the  resemblance 
between  the  beds  here  exposed  and  those  in  other  places  generally 
acknowledged  to  be  of  Lower  Bagshot  age.  Though  the  section 
has  a  maximum  depth  of  twelve  feet,  these  beds  must  attain  at 
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this  place  a  thickness  of  eighteen  feet.  The  line  of  demarcation 
between  the  sands  and  the  London  Clay  below  is  remarkably 
distinct,  no  passage-bed  of  an  intermediate  colour  or  lithological 
character  separating  the  sand  from  the  clay.  From  this  distinct- 
ness of  separation  and  the  absence  of  fossils  the  author  drew  the 
inference  that  the  sands  were  accumulated  by  atmospheric  not 
aqueous  agency — were,  in  fact,  blown  sands,  and  not  sedementary 
deposits  as  has  been  usually  supposed. 

The  circumstance  that  in  some  districts  the  Bagshot  Sands  are 
fossiliferous,  and  in  others  devoid  of  fossils,  may  be  explained  on 
the  above  theory,  viz. :  that  in  the  former  case  the  deposits  have 
been  sub- aqueous,  in  the  latter  sub-aerial. 


On  the  Mill  Hill  Cutting,  Sheppbt. 

By  W.  H.    Shrubsole,    Esq. 

{Abstract.) 

Paper  read  March    Srd,    1876. 

At  a  depth  of  from  six  to  eight  inches  below  the  surface 
of  the  road  running  through  the  village  of  Minster,  and  im- 
bedded in  gravel  overlying  the  sand  described  by  Major  Duncan 
in  the  previous  paper,  an  irregular  and  interrupted  line  of  angular 
rock  fragments  was  revealed  by  the  cutting,  and  many  other  such 
fragments  were  found  and  buried  by  the  workmen  before  the  author's 
visit.  The  stones  were  identified  by  Mr.  J.  W.  Judd  as  follows  : — 
Carboniferous  Limestone  (probably  many  specimens),  granite 
(homblendic),  quartz,  dolerite,  greenstone,  diorite  (with  veins  of 
qnartzite  felsite),  granite  (protogene),  porphyrite  (with  quartz 
veins),  and  gabbro.  Were  these  fragments  the  d6bris  of  blocks 
used  for  building  purposes,  or  were  they  brought  to  Sheppey  as 
ballast  of  ships,  or,  thirdly,  had  they  been  dropped  from  melting 
icebergs  which  had  brought  them  from  some  northern  region  at 
the  close  of  the  Glacial  Epoch  ?  The  last  of  these  hypotheses 
was  favoured  by  the  author,  who  had  been  unable  to  find  any 
ancient  building  in  Sheppey  in  the  construction  of  which  igneous 
rock  had  been  used,  and  who  considered  the  distance  from  the 
harbour,  the  unusual  material,  and  the  non- commercial  character  of 
Sheppey  in  past  times,  fatal  to  the  supposition  that  this  accumula- 
tion of  stones  had  been  brought  from  abroad  by  ships. 
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